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Abstract— In present days many researchers have delineated 

groundwater potential zones using Remote Sensing and GIS 

techniques by the Weighted Index Overlay Analysis (WIOA) 

for various geographic regions of the world. Many of the 

researchers have not been given weightage calcualtions for the 

thematic layers they considered in their research. But in this 

research, a detailed approach have been given for  weightage 

calcultions for various thematic layers considered. In this 

research the following thematic layers have been taken which 

include Land use/Land cover, Geomorphology, Geology, Soil, 

Drainage density, Lineament density, Lineament frequency 

and Lineament Intersection. All the thematic layers have been 

extracted from the existing data,  KOMPSAT and LANDSAT 

ETM+ satellite data. For the extraction of thematic layers and 

analysis ,the ArcGIS 9.3,1 and ERDAS Imagine 9.1 softwares 

have been used for delineating the groundwater potential 

zones. The delineated groundwater potential zones have been 

validated with the open wells in the study area. 
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I. INTRODUCTION 
 

Competition over freshwater resources has been increasing 

during a few decades due to the over growth of population, 

economic development, increased demand for agricultural 

products for both food and non-food use. So, we can’t 

imagine a world without water!! [1]. Globally its 

availability is only 3% in the form of Icecaps and glaciers 

(68.7%), Groundwater (30.1%) and other forms (0.9%) like 

water vapor in the atmosphere [2]. In that ground water is 

most significant natural resource which supports both 

human needs and economic development. In the recent 

years enormous increased the demand for good quality 

water in the agricultural, industrial and domestic sectors to 

meet the growing needs. Groundwater is mostly preferred 

to meet this growing demand because of its lower level of 

contamination and wider distribution [3]. Due to the 

increasing of population, urbanization, deforestation and 

industrialization pressure on this resource is alarmingly 

increasing. The available surface water resources are 

inadequate to meet all the water requirements for various 

purposes. It may be noted that not only its demand has 

increased over the years but it seems that the demand will 

not be ceased. Hence, the delineation of groundwater 

potential zones has acquired great importance. 

Remote Sensing is an excellent tool for researchers in 

understanding the “bewildering” problems of groundwater 

exploration. In recent years, satellite remote sensing data 

has been widely used in locating groundwater potential 

zones[1] [4], [5]. Its advantages of spatial, spectral and 

temporal availability of data have proved to be useful for 

quick and useful baseline information about the factors 

controlling the occurrence and movement of groundwater 

like geology, geomorphology, land use/ land cover, 

drainage patterns, lineaments etc [6], [7]. Excellent reviews 

of remote sensing applications in groundwater hydrology 

are presented in Farnsworth et [8], Waters et [9] and 

Engman and Gurney[10], which concluded that remote 

sensing has been widely used as a tool. In the recent years, 

modern technologies like Geographic Information System 

(GIS) is being used for various purposes such as 

groundwater investigations and many authors [11] have 

attempted to delineate groundwater potential zones. GIS 

techniques facilitate integration and analysis of large 

volumes of data, whereas, field studies help to further 

validate results. The integration of remote sensing and GIS 

has proven to be an efficient tool in groundwater studies 

[12], [13], [14], where remote sensing serves as the 

preliminary inventory method to understand the 

groundwater conditions and GIS enables integration and 

management of multi-thematic data. In addition, the 

advantage of using remote sensing techniques together with 

GPS in a single platform and integration of GIS techniques 

facilitated better data analysis and their interpretations [15]. 

 

In this study, Weighted Index Overlay Analysis (WIOA) 

approach for easy assessment of groundwater potential is 

adopted for GIS integration of thematic layers developed 

from the Remote Sensing data [16]. Remote sensing 

technique integrated with GIS platform through Weighted 

Index Overlay Analysis (WIOA) is found to be very 

effective tool for identification of potential zones for 

groundwater exploration [14].  

 

II. STUDY AREA 

 

The present study area Sarada Gedda sub watershed is 

located in Srikakulam district of North Coastal Andhra 
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Pradesh, India. It lies between latitudes from 

18°23'33.167"N to 18°25'47.866"N and longitudes from 

83°32'22.842"E to 83°36'31.766"E. It covers an area about 

16.03 sq km. The area occurs within the Survey of India 

toposheet of 65N/11 (Figure 1.0). Open wells are there in 

the study area. Many Parts of study area is mainly utilized 

for growing the crops like sugarcane, rice and millets. The 

surface water bodies are also present in the study area 

along with scrub land.   

 
Figure 1. Location map of the Sarada Gedda sub watershed 

 

III. DATA USED AND METHODOLOGY 

 

The Survey of India (SOI) toposheet (No. 65N/11 of 

1:50000) along with existing data (NRSC Bhuvan data), 

Landsat data (ETM+ 28m spatial resolution Path 141, Row 

047, 08th December, 2000) and KOMPSAT data (1m 

spatial resolution) were used for generation of various 

thematic layers such as Land use/Land cover, 

Geomorphology, Geology, Soil, Drainage density, 

Lineament density, Lineament frequency and Lineament 

intersection.  

 

The study area was delineated into three groundwater 

potential zones which include Good, Moderate and poor by 

weighted index overlay analysis (WIOA). The 

Groundwater Potential Index (GWPI) was used for this 

classification. GWPI was calculated by multiplying the 

rank and weightage of each thematic layer as expressed in 

the following equation. 

 

GWPI = Σ (Land use/Land cover feature rank  x 24 + 

Geomorphology  feature  rank  x 26 + Geology feature rank  

x 11  +  Soil feature rank  x 16,  Drainage density feature 

rank  x 18 + Lineament density feature rank  x 3 + 

Lineament frequency feature rank  x 2 + Lineament 

Intersection feature rank  x 0)  

 

 

 

 

 

 

 

Weightage calculations are shown in below Table 1.0 

 

Table 1.0 
A 

(1) 

B 

(2) 

C 

(3) 

D 

(4) 

E 

(5) 

F 

(6) 

G 

(7) 

H 

(8) 

1 LU/LC 14.56 37 00.00 0 37 24 

2 Geomorpho--

logy 

15.44 39 00.00 0 39 26 

3 Geology 00.00 0 06.73 16 16 11 

4 Soil 00.00 0 10.03 24 24 16 

5 Drainage 

Density 

09.31 23 01.20 3 26 18 

6 Lineament 
Density 

00.41 1 01.26 3 4 3 

7 Lineament 

Frequency 

00.00 0 01.51 4 4 2 

8 Lineament 

Intersection 

00.00 0 00.00 0 0 0 

 Total 39.72 100 20.73 50 150 100 

 

A- S.No.,  B- Thematic Layer  

B- C- Good area of feature in each thematic layer  

D- Weightage I calculations   
𝐶𝑜𝑙𝑢𝑚𝑛 𝐶

𝑆𝑢𝑚 𝑜𝑓 𝐶𝑜𝑙𝑢𝑚𝑛 𝐶 
 𝑥 100, 

   
E- Moderate area of feature in each thematic layer,  

 

F- Weightage II calculations   
𝐶𝑜𝑙𝑢𝑚𝑛 𝐸

𝑆𝑢𝑚 𝑜𝑓 𝐶𝑜𝑙𝑢𝑚𝑛 𝐸
 𝑥 50 

 

G- Weightage I + Weightage II (i.e. D + F) 

 

H- Weightage calculations   
𝐶𝑜𝑙𝑢𝑚𝑛 𝐺

𝑆𝑢𝑚 𝑜𝑓 𝐶𝑜𝑙𝑢𝑚𝑛 𝐺
 𝑥 150 

 

The below Table 2.0 shows Thematic Layers, Featues, 

Feature ranks and Layer weightages 

 

Table 2.0 
A B C D E 

1 LU / LC Crop land 3 24 

Water body 3 

Scrub land 1 

Built-up Land 1 

2 Geomorphology Pediplain 3 26 

Structural hills 1 

3 Geology Khondalite 2 11 

Granite gneiess 1 

4 Soil Loamy soils 2 16 

Clayey soils 1 

5 Drainage Density < 1 Km/Sq Km 3 18 

1– 2 Km/Sq Km 2 

> 2 Km/Sq Km 1 

6 Lineament Density > 4 Km/Sq Km 3 3 

2 - 4 Km/Sq Km 2 

< 2 Km/Sq Km 1 

7 Lineament Frequency 3 - 5 No/Sq Km 2 2 

< 3 No/Sq Km 1 

8 Lineament Intersection < 2 No/Sq Km 1 0 
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The groundwater potential (GWP) zones were categorized 

based on the GWPI values. From the range of GWPI values 

mean and standard deviation values were calculated. Based 

on the mean and standard deviation values the GWP zones 

were delineated. The delineated zones are shown in Table 

3.0 
 

Table 3.0 
S.No Categories GWPI range GWP zone 

1 >= Mean + SD >= 246 Good 

2 Mean to Mean + SD 213 - 246 Moderate 

3 < Mean < 213 Poor 

 

 

IV RESULTS AND DISCUSSIONS 

 

Groundwater potential zones were delineated from the 

following maps which include land use/land cover, 

geomorphology, geology, soil, drainage density, lineament 

density, lineament frequency and lineament intersection by 

weighted index overlay analysis (WIOA).  Hence, all the 

thematic maps pertaining to the study area were prepared 

as per the methods explained earlier. The salient aspects of 

these thematic maps are described below. 

 

1. Land use / Land cover  

Land use refers to the way in which human beings exploit 

the land and its resources [17], whereas land cover 

describes the physical state of the land surface [18, 19]. 

From the existing data and KOMPSAT satellite data of 1 m 

resolution, the land use/ land cover map was delineated. In 

the present study area the following four categories were 

delineated which include crop land, built-up land, scrub 

land and water bodies (Figure 2.0). The groundwater 

potentiality is good in crop land and water bodies since 

infiltration is high where as groundwater potentiality is 

poor in scrub land and built-up area since infiltration is 

low.  

 
Figure 2.0 Land use / Land cover map 

 

2. Geomorphology 

Geomorphology is the scientific study of the nature and 

history of the landforms on the surface of the earth and 

other planets, and of the processes that create them. The 

major geomorphic units identified in this study area are 

structural hill and pediplain (Figure 3.0). Structural hills 

are characterized by composed of composite ridges and 

valleys traversed by structural features. These areas are 

having high runoff and low infiltration along secondary 

fractures; category-wise these are poor for groundwater 

potentiality [20], whereas pediplain is developed as a result 

of continuous processes of pediplaination so groundwater 

potentiality is good in pediplain area [21].     

 

Figure 3.0 Geomorphology map 

 

3. Geology 

Geology plays an important role in the distribution and 

occurrence of groundwater. An understanding of the local 

geology was developed based on existing maps. The area is 

underlain by Archaean (Eastern Ghat Super Group) Granite 

gneiss and Khondalite (Figure 4.0). The groundwater 

prospects are poor in Granite gneiss since infiltration is low 

whereas Khondalite is moderate for groundwater 

potentiality since infiltration is moderate [22].    

 

 
 

Figure 4.0 Geology map 

4. Soil 

The term soil has specific connotation to different groups 

involved with soil survey and mapping (Lille sand and 

Keifer 1987). The soil for the study area reveals two main 

soil categories namely clayey and loamy (Figure 5.0). The 

clayey soil has least infiltration rate hence assigned low 

priority [23]. The groundwater potentiality is poor in 

clayey soils. While loamy soils are moderately suitable for 

groundwater infiltration [24]. So groundwater potentiality 

is moderately suitable 
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Figure 5.0 Soil map 

 

5. Drainage density 
Drainage density is a measure of quantitative length of 

linear feature expressed in Sq Km grid. It helps to assess 

and understand the characteristics of runoff and 

groundwater infiltration in this area [25]. Drainage network 

was extracted from Survey of India toposheet of 1:50000 

scale using ArcGIS 9.3.1 software. The present study area 

is divided in to three zones which include Good (< 1 km/Sq 

km), Moderate    (1- 2 Km/ Sq Km) and Poor (< 2 Km/ Sq 

Km) as shown in Figure 6.0. The area which is having poor 

drainage density indicates comparatively higher infiltration 

and low runoff, similarly the area which is having good 

drainage density indicates low infiltration and high runoff.  

 
 
 

 

 

Figure 6.0 Drainage density map 

 

6. Lineament Density 

Lineaments are defined as mapable linear surface features, 

which differ distinctly from the patterns of adjacent 

features and most probably reflect subsurface phenomena 

[26]. We are extracted the lineaments from Landsat ETM+  

with the help of ERDAS Imagine 9.1 software by using the 

application of the Sobel directional filters 5x5 and 7x7 in 

the directions N-S,    E-W, NE-SW and NW-SE [27]. 

Lineament density map is a measure of quantitative length 

of linear feature expressed in Sq Km grid.  The study area 

has been classified in to three zones such as good (> 4 

km/sq km), moderate (2 to 4 km/sq km), and poor (< 2 

km/sq km). An area with high lineament density shows 

good groundwater potential (Figure 7.0). 

               

 

 

 
 

Figure 7.0 Lineament density map 

 

7. Lineament Frequency 

It means number of lineaments appeared in a Sq Km grid 

area. More the lineament in a Sq Km grid area represents 

good groundwater potentiality [28]. Weighted lineament 

frequency map was prepared by counting the number of 

lineaments per Sq.Km grid. The study area is categorized 

in to two zones such as moderate (3 to 5 km/ sq km) and 

poor (< 2 km/ sq km). In this study area moderate zone 

implies moderate groundwater potentiality as shown in 

Figure 8.0. 

 

 
 

Figure 8.0 Lineament Frequency map 

 

8. Lineament Intersection 

It signifies number of lineament intersections in a Sq Km 

grid area. Weighted lineament intersection map was 

prepared by counting the number of intersections of 

lineaments per Sq.Km grid [28]. In this study area no 

lineament intersections are there so in this area 

groundwater potentiality is poor based on the lineament 

intersections (Figure 9.0). 

 

 

Figure 9.0 Lineament Intersection map 
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9. Groundwater potential zone mapping 

The groundwater potential zones were delineated by 

Weighted Index Overlay Analysis (WIOA) by using the 

ArcGIS 9.3.1 [29]. In the Weighted Index Overlay 

Analysis, the ranks have been given for each individual 

feature of each thematic map and the weightages were 

assigned to the each thematic map which are shown in the 

Table 2.0. The GWPI calculations are given in the 

methodology. The groundwater potential zone of the study 

area has been delineated into three groundwater potential 

zones, namely good, moderate and poor (Figure 10.0). In 

this total (16.03 Sq.Km) study area, 8.11 Sq.Km area is 

belongs to good groundwater potential zone. Similarly, 

6.10 Sq.Km area is belongs to moderate groundwater 

potential zone and 1.82 Sq.Km area is belongs to poor 

groundwater potential zone. The percentage of good 

groundwater potential zone area is 50.593%, moderate area 

is 38.053% and poor area is 11.354%. 

       
Figure 10.0 Groundwater potential map. 

 

V. VALIDATION OF GROUNDWATER POTENTIAL 

ZONES MAP WITH   GROUNDWATER LEVELS OF 

OPEN WELLS 

 

The validation of the Groundwater potential zones was 

checked with the Groundwater level depth data of open 

wells. A comparison of this study between the water level 

depth data and groundwater potential zones map were done 

[20]. For this comparison, the groundwater levels of pre 

monsoon data were 

 collected from the field from thirty existing open wells 

during the years 2010 and 2015.  

  

In the good groundwater potential zone area there are 17 

wells are existed. Out of the 17 wells, 16 wells are having 

good groundwater levels   (i.e., < 4 m groundwater levels). 

In the moderate groundwater potential zone area there are 4 

wells are existed. All the 4 wells are having moderate 

groundwater levels   (i.e., 4 – 8 m groundwater levels). 

Similarly, in the poor groundwater potential zone area there 

are 9 wells are existed. All the 9 wells are having poor 

groundwater levels   (i.e., > 8 m groundwater levels).The 

details discussed above are shown in the below Figure 

11.0.  

 

    

 
Figure 11.0 Validation of GWP map with Open wells 

 

VI. CONCLUSIONS 

 

The present study attempts to demarcate groundwater 

potential zones of the Sarada Gedda sub watershed of 

Srikakulam District, Andhra Pradesh using Remote 

Sensing and GIS techniques. The thematic layers such as 

Land use/ Land cover, Geomorphology, Geology, Soil, 

Drainage Density, Lineament Density, Lineament 

Frequency and Lineament Intersections were integrated 

with one another through weighted index overlay analysis 

and finally output map of groundwater potential zones was 

generated. The groundwater potential zones map generated 

is delineated into three different zones such as good, 

moderate and poor. The final output map of the present 

study is validated with groundwater levels data of the open 

wells. 
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