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Abstract— The present study emphasizes on the integrated 

remote sensing and GIS approach for delineation of the 

groundwater potential zone in Shimla city area, Himachal 

Pradesh (India) using multi-criteria decision making 

techniques (knowledge based and analytic hierarchy 

process). The multiple thematic layers of influencing 

parameters viz. land use/ land cover, slope, geology, 

drainage density, geomorphology, lineament density, 

rainfall and soil were prepared in GIS environment using 

satellite images of IRS P6 LISS IV, ASTER GDEM and 

climatic data. Weightages were assigned to the each 

parameter according to their relative importance as per 

expert’s opinion and research studies of the region. Further, 

the analytical hierarchy process was applied to these 

parameters for demarcation of groundwater potential zones. 

Through applying above models five areas having very low, 

low, moderate, good, and very good groundwater potential 

zones were distinguished. The results indicated that 7% of 

the area had (very good-good), 11% (moderate), 50% (low) 

and 32% (very low) groundwater potential zones using 

knowledge based technique whereas 7% of the area had 

(very good-good), 12% (moderate), 47% (low) and 34% 

(very low) groundwater potential zones using analytical 

hierarchy process technique. The overall result shows that 

there was very minor change in the groundwater potentiality 

using both the techniques. 
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I. INTRODUCTION 

Groundwater comprises a vital source of water for various 

uses such as domestic, industrial and agricultural 

particularly in hard-rock dominated areas [1]. Groundwater 

is an important natural resource but of limited use due to 

frequent failures in monsoon, undependable surface water, 

rapid urbanization and industrialization have created a major 

threat to this valuable resource [2]. Of the 37 Mkm3 of 

freshwater estimated to be present on the earth, about 22% 

exists as groundwater, which constitutes about 97% of all 

liquid freshwater potentially available for human use [3]. In 

India, 65% of the total geographical area is covered by hard 

rock formations and occurrence of groundwater in such 

rocks is essentially confined to fractured and weathered 

horizons [4]. Therefore, an extensive hydrogeological 

investigation is required for thorough understanding of the 

groundwater conditions [5-7]. Mapping and monitoring of 

existing groundwater assets and estimation of future 

resources are major issues in hard-rock areas [8]. Geospatial 

technology, with its advantages of spatial, spectral and 

temporal availability of data covering large and inaccessible 

areas within a short time, has emerged as a very useful tool 

for the assessment, monitoring and management of 

groundwater resources [9-12]. One of the earliest uses of 

remote sensing data for groundwater prospecting in India 

was carried out as part of the National Drinking Water 

Mission [13-14]. Geospatial techniques provide a rapid and 

cost effective tool for generating valuable geo-data 

(geology, geomorphology, land-use, lineaments/structures 

and slope, etc.) both directly and indirectly, that can be used 

in deciphering groundwater potential zones [15-16]. It is 

being employed to replace on-site exploration as it provides 

a wide-range scale of the space-time distribution of 

observations [17-18]. 

Remote sensing and GIS are useful tools for 

groundwater investigation and for successful groundwater 

potential mapping [19-20].  Many researchers [21-25] have 

applied remote sensing techniques and GIS applications in 

delineation studies of groundwater resources and potential 

zones. GIS based multi-criteria decision-making (MCDM) 

becomes one of the most useful methods for spatial planning 

and management [26-28]. Analytical Hierarchy Process 

(AHP) [29-32] is one of the most popular methods to obtain 

spatial plan, resource allocation etc. However, only a limited 

number of studies have taken the approach of specifically 

mapping potential zones and integrating multi-criteria 

analysis using the weighted aggregation method associated 

with GIS techniques to derive a groundwater potential map; 

it is a new approach adopted for mapping groundwater 

potential zones [33-35]. The purpose of this investigation 

was to identify and delineate groundwater potential zones 

through the integration of GIS with multi-criteria analysis 

and hence assess the groundwater potential zones. Therefore 

in this study the thematic maps of lineament density, LULC, 

DEM, slope, geology, geomorphology, soil, aspect and 

drainage density area prepared using remote sensing and 

GIS technique. 

II. STUDY AREA 

The area under investigation is located between 31°03́’-

31°08’E longitude and 77°06’-77°14’N latitude, covering a 

total area of 32.50 sq km (figure 1). It is an international 

tourist centers on account of its being hill station with 

salubrious climate and extraordinary natural and scenic 

landscapes. In the areas underlain by high hill ranges of 

Himalayas, the valleys are narrow and deep with steep 

slopes trending in NW-SE direction. The terrain is 

moderately to highly dissected with steep slopes. The 

climate is sub-tropical in the valley and tends to be 

temperate in the hilltops. Maximum precipitation occurs 

during the months from July to September. In the winter 

season precipitation as snowfall also occurs in the higher 

reaches and as rainfall in low hills and valleys of the district. 



Delineation of Groundwater Potential Zone Using Geospatial Techniques for Shimla City, Himachal Pradesh (India) 

 (IJSRD/Vol. 5/Issue 04/2017/059) 

 

 All rights reserved by www.ijsrd.com 226 

Mean maximum and minimum temperature ranges between 

33˚C and -3˚C. 

 
Fig. 1: Location map of the study area 

III. DATA USED AND METHODOLOGY  

 
Fig. 2: Methodology 

Satellite data acquired by the Indian Remote Sensing 

Satellite (IRS), Linear Imaging Self Scanning sensor (LISS 

IV) which provide a resolution of 5.8 m in multispectral 

mode are utilized in the study. Survey of India (SOI) 

topographical maps on 1:50,000 were used for preparation 

of base maps. To identify the groundwater potential zone in 

the study area, thematic layers of land use/land cover, 

lineament, drainage, soil, geomorphology, geology, slope 

were generated using topographic maps and satellite image 

in GIS environment. Drainage layer is generated from 

Survey of India topographical maps at 1:50,000 scale. 

Subsequently, drainage is updated with the LISS IV satellite 

image. The map depicting soils in the area on 1:250,000 

scale was prepared based on a soil map published by NBSS 

& LUP, Government of India. The slope map was generated 

from Advanced Spaceborne Thermal Emission and 

Reflection Radiometer Digital Elevation Model (ASTER 

DEM). The satellite data of LISS IV were visually 

interpreted to identify and prepare the lineament map and 

various geomorphologic landforms map of the area. The 

geological map was collected from the Geological Survey of 

India, Government of India and scanned, rectified and 

digitized in ArcGIS software to prepare the geological map. 

To demarcate potential zones, all these thematic layers were 

integrated using ArcInfo GIS software. The weights of the 

different themes were assigned on a scale of 1 to 9 

according to their relative influence on groundwater 

potential. Thereafter, a pair-wise comparison matrix was 

constructed using the Saaty’s analytical hierarchy process to 

calculate normalized weights for individual themes and their 

features. To demarcate groundwater potential zones, all the 

layers were spatially overlaid in the GIS environment to 

prepare a groundwater resources map after evaluating the 

interrelations of various parameters mapped in the region. 

The complete workflow of methodology is given in figure 2. 

IV. RESULTS AND DISCUSSION  

A. Drainage Density 

Drainage density is an inverse function of permeability, and 

therefore it is an important parameter in evaluating the 

groundwater zone. The drainage map of the study area is 

used for obtaining the drainage density map (figure 3a). 

Higher rankings were given to low drainage density regions 

and lower rankings to high drainage density areas. Low 

drainage density region causes more infiltration and results 

in good groundwater potential zones as compared to a high 

drainage density region. High drainage density values are 

favorable for run-off, and hence indicates low groundwater 

potential zone. High ranks are therefore assigned to low 

drainage density area and vice versa (Table1). Drainage 

density value was classified into five classes. Drainage 

density map depicts that only 1% comes in very high, 11% 

high, 34% moderate, 35% low, 19% very low groundwater 

potential respectively (figure 3b).  

 
Fig. 3a: drainage density map 
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Fig. 3b: drainage density index map  

Drainage 

density 
Index Groundwater Potential Area (%) 

<1 5 Very high 1 

1-4 4 High 11 

4-7 3 Moderate 34 

7-10 2 Low 35 

>10 1 Very low 19 

Table 1: Showing drainage density class and index 

B. Slope 

The topographic slope of any area has its own importance in 

affecting the run-off, recharge and movement of surface 

water. In terms of groundwater potential, the areas with flat 

terrain topography fall into the very high class with 

relatively high infiltration rate, whereas the areas having 

moderate slope are considered as high for groundwater 

potential due to slightly undulating topography with some 

run-off (Table 2). The areas having steeper slope cause 

relatively high run-off and low infiltration, and hence are 

categorized as very low groundwater potential (figure 4a). 

The slope map of the study area was generated from ASTER 

DEM and was categorized into six classes. Class having less 

value is assigned higher rank due to the almost flat terrain 

while the class having maximum value is categorized as 

lower rank due to relatively high runoff  Less slope indicate 

low run- off  and vice- versa. About 5 % area comes in <10˚, 

23% area high, 35% moderate, 25% low, 6% low and 6% 

very low groundwater potential (figure 4b).  

 
Fig. 4a: slope map 

 
Fig. 4b: slope index map 

Slope 

(in 

degree) 

Index Groundwater Potential Area (%) 

>50 1 Very low 6 

40-50 3 Low-very low 6 

30-40 5 Low 25 

20-30 6 Moderate 35 

10-20 7 High 23 

<10 9 Very high 5 

Table 2: Showing slope class and index 

C. Lineament 

Faults and fracture zones are expressed as linear features on 

satellite images, and mapping of lineaments is an important 

component in hard-rock terrains where the occurrence and 

movement of groundwater are significantly influenced by 

linear features. Most of the lineaments correspond to the 

hills, ridges and river channels that contribute to 

groundwater potential. Lineament density map was 

classified into five classes (Table 3). Lower value shows 

very low groundwater potential zone and vice versa (figure 

5a). Lineament map clearly indicate 1% area is under very 

high, 6% high, 16% moderate, 33% area low and 44 % very 

low groundwater potential (figure 5b). 

Lineament 

density 
Index Groundwater Potential 

Area 

(%) 

<1.2 1 Very Low 44 

1.2-2.5 3 Low 33 

2.5-3.7 5 Moderate 16 

3.7-5.0 7 High 6 

>5.0 9 Very high 1 

Table 3: Showing lineament class and index 

 
Fig. 5a: lineament density map 
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Fig. 5b: lineament density index map 

D. Land use/land cover 

Land use/land cover studies provide important indicators of 

the extent of groundwater requirement and groundwater 

utilization for the groundwater potential zone. The land 

use/land cover map was created using LISS- IV satellite 

image by performing supervised classification technique and 

classified it into six classes (Table 4). Agricultural land has 

very good groundwater potential because of enough void 

space for groundwater recharge and built up area showing 

very low groundwater potential because of very low 

groundwater recharge. Higher value shows very high 

groundwater potential zone and vice versa (figure 6a). The 

LULC map clearly states that 7% of the area comes in very 

good, 9% very good, 39% good, 2% moderate, 28% low and 

15% very low groundwater potential (figure 6b). 

 
Fig. 6a: land use/land cover map 

 
Fig. 6b: land use/land cover index map 

Land use/ 

land cover 
Index Groundwater Potential Area (%) 

Built-up 2 Very low 15 

Degraded 

Forest 
4 Low 28 

Scrub 

Land 
6 Moderate 2 

Dense 

Forest 
7 Good 39 

Fallow 

Land 
8 Very good 9 

Agriculture 9 Very good 7 

Table 4: Showing land use/ land cover class and index 

E. Geomorphology 

Geomorphology is a major factor controlling quantity of 

groundwater occurrence in a given area. Visual 

interpretation technique was performed on the satellite 

image for delineation of various geomorphological features 

(figure 7a).  The area has been divided into two classes i.e. 

structural hill and dissected hill (Table 5). Structural hill 

have low 33% groundwater potential zone because majority 

of the built-up area is situated in class whereas dissected hill 

have moderate 67% groundwater potential because of joints 

and fractures (figure 7b).  

 
Fig. 7a: geomorphology map 

 
Fig. 7b: geomorphology index map 

Geomorpholog

y 

Inde

x 

Groundwater 

Potential 

Area 

(%) 

Dissected Hills 3 Low 67 

Structural Hills 5 Moderate 33 

Table 5: Showing geomorphology class and index 

F. Geology 

Groundwater occurrence and its movement depend on the 

geological horizon. If porous and permeable it may store 

and permit easy movement of water. Visual interpretation of 

the satellite image and GSI map has been used for 

delineation of geological features (Table 6). A thrust divides 
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the study area into two parts Jutogh formation and Shimla 

formation. Shimla group lithology is Siltstone, sandstone, 

conglomerate, etc. whereas Jutogh formation lithology is 

Shale, phyllite, schist, Limestone, etc (figure 8a). Geological 

map reveals that 52% area in jutogh formation have 

moderate and 48% area Shimla group have low groundwater 

potential respectively (figure 8b). 

 
Fig. 8a: Geology map 

 
Fig. 8b: Geology index map 

Geology Index Groundwater Potential Area (%) 

Jutogh 

Formation 
5 Moderate 52 

Shimla 

Group 
3 Low 48 

Table 6: Showing geological class and index 

G. Aspect 

Aspect identifies the downslope direction of the maximum 

rate of change in value form each cell to its neighbors. 

Aspect can be thought of as the slope direction. The 

compass direction that a topographic slope faces, usually 

measured in degrees from north. Aspect can have a strong 

influence on temperature. This is because aspect affects the 

angle of the sun rays when they come in contact with the 

ground, and therefore affects the concentration of the sun’s 

rays hitting the earth. Aspect map was prepared from 

ASTER DEM (Table 7). High weightage was assigned to 

north facing because effect of sun light is very low, whereas 

south facing has very low weightage because of angel of sun 

light and time (figure 9 a). In the mid- winter north facing 

slopes receive very little heat from the sun especially in the 

northern hemisphere. On the other hand, south facing slopes 

get much more heat rather than north facing slopes. Aspect 

map clearly states 10% area in very good, 11% very good, 

23% good, 24% moderate, 16% low and 16% very low 

groundwater potential (figure 9b). 

 
Fig. 9a: aspect map 

 
Fig. 9b: aspect index map 

Aspect Index Groundwater Potential Area (%) 

N 9 Very good 10 

NE 8 Very good 11 

E & NW 7 Good 23 

SE & W 5 Moderate 24 

S 2 Very low 16 

SW 4 Low 16 

Table 7: Showing aspect class and index 

H. Elevation 

The Elevation map was prepared using ASTER DEM, as it 

plays a vital role in mapping of groundwater potential zone. 

The elevation in the area ranges from 2474-1566 meter and 

was divided into six classes (Table 8). Low elevation shows 

good groundwater potential zone as water run-off from the 

high elevation accumulate in lower elevation area and vice-

versa (figure 10a). Only 3% area comes in very good, 18% 

good, 32 % moderate, 28% low, 15% very low and 4% very 

poor groundwater potential (figure 10b). 

 
Fig. 10a: elevation map 
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Fig. 10b: elevation index map 

Elevation 

(m) 
Index Groundwater Potential Area (%) 

1566-

1717 
9 Very good 3 

1717-

1868 
7 Good 18 

1868-

2020 
6 Moderate 32 

2020-

2171 
4 Low 28 

2171-

2322 
3 Very low 15 

2322-

2474 
1 Very poor 4 

Table 8: Showing elevation class and index 

V. NORMALIZED DIFFERENCE WATER INDEX (NDWI)  

The Normalized Difference Water Index (NDWI) is a new 

method that has been developed to delineate open water 

features and enhance their presence in remotely-sensed 

digital imagery. The NDWI makes use of reflected near-

infrared radiation and visible green light to enhance the 

presence of such features while eliminating the presence of 

soil and terrestrial vegetation features. This formulation of 

NDWI produces an image in which the positive data values 

are typically open water areas; while the negative values are 

typically non-water features (i.e. terrestrial vegetation and 

bare soil dominated cover types). Like NDVI, NDWI has a 

native scaling of -1 to +1 (Table 9). 

NDWI = (GREEN – NIR)/ (GREEN + NIR) (Mcfeeters 

1996) 

NDWI was classified into four classes (figure 11a). 

Minimum values shows poor water contain in soil and 

higher value shows good water/ groundwater contain in soil. 

About 2% area comes in good, 7% moderate, 10% low and 

81% very low groundwater potential (figure 11b).  

 
Fig. 11a: NDWI map 

 
Fig. 11b: NDWI index map 

NDWI 
Inde

x 

Groundwater 

Potential 

Ar

ea 

(%

) 

< (-0.11) 1 Very low 81 

(-0.11) – (-

0.08) 
3 Low 10 

(-0.08) - 0.07 5 Moderate 7 

> 0.07 7 Good 2 

Table 9: Showing NDWI class and index 

Thematic layer of each parameter was classified as 

shown in above table. Rate gives the ranges of groundwater 

potential within each factor. Rates (R) were assigned to each 

class according to the order of the influence of the classes on 

groundwater potential. Ratings (R) of 1–9 were adopted 

where rates 1,3, 5, 7 and 9 respectively represent very low, 

low, medium, good and very good groundwater potential 

(Table 10). 
Individual weight Groundwater potential 

9 Very good 

7 Good 

5 Moderate 

3 Low 

1 Very low 

Table 10: showing groundwater potential index 

VI. DERIVING THE WEIGHTS USING KNOWLEDGE BASED 

TECHNIQUE 

Based on knowledge and expert opinion the individual 

weight to each layer was assigned and thereafter the overlay 

analysis was performed (Table 11). Weight assigned to each 

layer is given below (Table 12). 

Layers Individual  weight Normalized weight 

Lineament 

density 

9 2.90 

Geomorphology 7 2.25 

Geology 5 1.612 

LU/LC 4 1.290 

Drainage 

Density 

3 0.9677 

Aspect 2 0.645 

Slope 1 0.032 

Table 11: showing knowledge based normalized weight 

 Category 
Groundwater 

potential 

Rat

ing 

Normalized 

Weight 

 
<1.2 Very low 1 

 

 
1.2-2.5 Low 3 

 
Lineame 2.5-3.7 Moderate 5 2.90 
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nt 

 
3.7-5.0 High 7 

 

 
>5.0 Very High 9 

 
Geomorp

hology 

Dissected 

Hill 
Low 3 2.25 

 

Structural 

Hill 
Moderate 5 

 

 
>50 Very low 1 

 

 
40-50 

Low-very 

low 
3 

 

Slope 30-40 Low 5 0.032 

 
20-30 Moderate 6 

 

 
10--20 High 7 

 

 
<10 Very high 9 

 

 
<1 Very high 5 

 

 
1-4 High 4 

 
Drainage 

Density 
4-7 Moderate 3 0.6977 

 
7-10 Low 2 

 

 
>10 Very low 1 

 

Geology 
Jutogh 

Formation 
Moderate 5 1.612 

 

Shimla 

Group 
Low 3 

 

 
N Very good 9 

 

 
NE Very good 8 

 
Aspect E & NW Good 7 0.645 

 
SE & W Moderate 5 

 

 
S Very low 2 

 

 
SW Low 4 

 

 
Built-up Very low 2 

 

 

Degraded 

Forest 
Low 4 

 

LU/LC 
Scrub 

Land 
Moderate 6 1.290 

 

Dense 

Forest 
Good 7 

 

 

Fallow 

Land 
Very good 8 

 

 

Agricultur

e 
Very good 9 

 

Table 12: relative weights of various thematic layer and 

their corresponding classes 

Knowledge based output = 

(2.90* Lineament density + 2.25*geomorphology + 

1.612*Geology + 1.290*LU/LC + 0.9677*Drainage Density 

+ 0.645*Aspect + 0.032*Slope) 

The systematic analysis of knowledge based 

techniques on weighted parameters produced a suitable 

groundwater potential zone map in raster format using raster 

calculator module in ArcGIS environment by integration of 

all the maps (classified maps of slope percent, geology, 

lineament density, geomorphology, land use/ land cover, 

drainage density and aspect). The output map has classified 

using natural breaks classification method in ArcGIS. These 

intervals represent different groundwater potential zones, 

which are classified according to their identified 

groundwater potential as very good, good, moderate, low 

and very low groundwater potential zone respectively 

(figure 13). In this method most part 50% comes in low 

zone area followed by 32% very low zone area, 11% 

moderate zone, 6% good zone and 1% area comes in very 

good groundwater potential zone (Table 13). 

 
Fig. 12: map showing groundwater potential zone using 

knowledge based technique 

Range 
Groundwater 

Potential 
Area (%) 

19.61-33.03  Very low 32 

33.03-38.86  Low 50 

38.86-44.52  Moderate 11 

44.52-50.52  Good 06 

50.52-64.66  Very good 01 

Table 13: showing groundwater potential zone using 

knowledge based technique 

VII. DERIVING THE WEIGHTS USING ANALYTIC HIERARCHY 

PROCESS (AHP) 

In the present study seven criteria/parameters i.e. slope, 

geology, land use/cover, geomorphology, lineament density, 

drainage density and aspect were used in assigning weights 

based on AHP based approach (Table 14). Higher weight 

age was assigned according to its groundwater potential and 

vice versa. Further, pair wise comparison matrix using 

Saaty's nine point weighing scale was calculated and applied 

to generate a ratio matrix [35]. Thereafter calculation of the 

criterion weights was done after the creation of pairwise.  

Layers Eigen Value 

Lineament density 0.333148328 

Geomorphology 0.220514755 

Geology 0.15682977 

LULC 0.117036678 

Drainage Density 0.08214292 

Slope 0.05601796 

Aspect 0.034309589 

Table 14: showing Eigen value of different layers 

The consistency index (CI) which is a measure of 

departure from consistency was calculated using the 

formula: 

𝐶𝐼 = (𝜆 − 𝑛)/(𝑛 − 1) 

CI =
(𝜆 − 7)

(7 − 1)
 

Where n = number of factors (i.e. 7) and k = 

average value of the consistency vector determined in step ii 

above. 

λ = 
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(7.895062+8.022534+7.79511+7.625765+7.563664+7.3991

88+7.63469)/7 

λ = 7.705146 

Then from the equation of CI 

CI =
(𝜆 − 7)

(7 − 1)
 

CI =
(7.705146 − 7)

(7 − 1)
 

CI = 0.117524 

Saaty’s ratio index for different values of n 

N 1 2 3 4 5 6 7 8 9 10 11 

R

I 
0 0 

0.

58 

0.

89 

1.

12 

1.

24 

1.

32 

1.

41 

1.

45 

1.

49 

1.

51 

Table 15: Showing Saaty’s ratio index for different values 

The consistency ratio (CR) is defined as:- 

CR =
(𝐶𝐼)

(𝑅𝐼)
 

CR =
(0.117524)

(1.32)
 

CR = 0.089034 

Influenci

ng Factor 
Category 

Groundwater 

potential 

Rat

ing 

Normalized 

Weight 

 
<1.2 Very Low 1 

 

 
1.2-2.5 Low 3 

 
Lineame

nt 
2.5-3.7 Moderate 5 0.33 

 
3.7-5.0 High 7 

 

 
>5.0 Very High 9 

 
Geomorp

hology 

Dissected 

Hill 
Low 3 0.22 

 

Structural 

Hill 
Moderate 5 

 

 
>50 Very low 1 

 

 
40-50 

Low-very 

low 
3 

 

Slope 30-40 Low 5 0.15 

 
20-30 Moderate 6 

 

 
10--20 High 7 

 

 
<10 Very high 9 

 

 
<1 Very high 5 

 

 
1-4 High 4 

 
Drainage 

Density 
4-7 Moderate 3 0.11 

 
7-10 Low 2 

 

 
>10 Very low 1 

 

Geology 
Jutogh 

Formation 
Moderate 5 0.08 

 

Shimla 

Group 
Low 3 

 

 
N Very good 9 

 

 
NE Very good 8 

 
Aspect E & NW Good 7 0.07 

 
SE & W Moderate 5 

 

 
S Very low 2 

 

 
SW Low 4 

 

 
Built-up Very low 2 

 

 

Degraded 

Forest 
Low 4 

 

LU/LC 
Scrub 

Land 
Moderate 6 0.04 

 

Dense 

Forest 
Good 7 

 

 

Fallow 

Land 
Very good 8 

 

 

Agricultur

e 
Very good 9 

 

Table 16: Showing relative weights of various thematic 

layer and their corresponding classes (AHP) 

Range Groundwater Potential Area (%) 

2.26-3.48 Very low 34 

3.48-4.08 Low 47 

4.08-4.67 Moderate 12 

4.67-5.32 Good 06 

5.32-6.82 Very good 01 

Table 17: showing groundwater potential zone using AHP 

technique 

Since 0. 089034 < 0.1, it implies that there is a 

reasonable level of consistency in the pairwise comparison 

and hence the weights were assigned to various layers. 

AHP based output = 

(Lineament density*0.333 + Geomorphology*0.222 + 

Geology*0.156 + LULC*0.117 + Drainage density* 0.082 + 

Slope*0.056 + Aspect*0.03) 

The systematic analysis of AHP based techniques 

on weighted parameters produced a suitable groundwater 

potential zone map by integration of all the layers (figure 

14). In this method most part 47% comes in low zone area 

followed by 34% very low zone area, 12% moderate zone, 

6% good zone and 1% area comes in very good groundwater 

potential zone (Table 17). 

 
Fig. 13: map showing groundwater potential zone using 

AHP technique 

VIII. CONCLUSION 

In present study satellite images, topographic maps and 

conventional data were used to prepare the thematic layers 

of geology, lineament, lineament density, drainage, drainage 

density, slope and land-use/land cover. The thematic layers 

were assigned proper weightages through AHP technique 

and knowledge based technique then integrated in the GIS 

environment to prepare the groundwater potential zone map 

of the study area. A total of seven set of factors believed to 

be influencing groundwater potential in the area were 

selected. Each factor was assigned appropriate weight based 

on Saaty’s scale and knowledge based and finally 

groundwater potential map of the study area was produced. 

Through applying above models five areas having very low, 

low, moderate, good, and very good groundwater potential 
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zones were distinguished. The results indicated that 7% of 

the area had (very good-good), 11% (moderate), 50% (low) 

and 32% (very low) groundwater potential zones using 

knowledge based technique whereas 7% of the area had 

(very good-good), 12% (moderate), 47% (low) and 34% 

(very low) groundwater potential zones using analytical 

hierarchy process technique. The overall result shows that 

there was very minor change in the groundwater potentiality 

using both the techniques. The study has demonstrated that 

the synergetic use of freely available remote sensing and 

other ancillary data in a GIS environment with simple 

pragmatic methods can provide useful inputs for 

groundwater management of any area. Thus the above study 

has demonstrated the capabilities of remote sensing data and 

a GIS technique for demarcation of groundwater potential in 

hard rock terrain.  
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