
 

 

 

Groundwater Potential Zones Identification in Palar Sub-Basin using 

Geomatics 
  

Mrs. Y.Vineela1, Mrs. T.Hemalatha2 

1Annamacharya Institute of Technology and Sciences, 

Tirupati, Chittoor district, AP, 
2Assistant professor, Sri Venkateswara University, 

Tirupati, Chittoor district, AP. 
1viniyarava@gmail.com 
2Thoti.latha@gmail.com 

 
  

Abstract: Groundwater is a dynamic and replenishable natural resource which plays a significant role in meeting the fresh 

water needs of mankind. The sustainable development and management of groundwater resource requires precise 

quantitative assessment based on scientific principle and modern techniques. In the present study, groundwater potential zone 

are delineated using remote sensing, geographical information system (GIS) and multi-criteria decision making techniques in 

palar sub watershed lies between 13°20' to 13° 50' N latitudes and 79° 5' to 79° 30' E longitudes which is small tributary of 

pennar River in chittoor district of Andhra Pradesh. The delineation of groundwater potential zones of palar sub-basin was 

carried out by developing thematic maps of slope, soil, geomorphology and land use/land cover were developed, rasterized, 

grouped into classes and assigned appropriate weights. The integration of thematic layers was carried out using Analytic 

Hierarchy Process (AHP) to obtain groundwater potential zone map. From the results, the map showed excellent (76.23 Km2) 

and very good (131.17 Km2) and good (161.61 Km2) groundwater potential zones occurring in Irala and Puthalapattu (W4), 

Somala (W1) and Pulicherla (W3) sub-basins. The groundwater potential zone map was finally verified using groundwater 

level fluctuation map overlaid with groundwater potential zone map the results was found satisfactory and it is facilitated to 

identify suitable sites for artificial recharge structures. 
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1. INTRODUCTION 
 

Water is one of the essential natural resource, without which life cannot exist. Demand of water is increasing with 

the increase of population. We need water for agriculture, industry, human and cattle consumption. Therefore it is 

very important to manage this very essential resource with sustainable manner. Hence, we need proper 

management and development planning to restore or recharge water where runoff is very high due to various 

topographical conditions. Remote sensing is the acquisition of information about an object or phenomenon 

without making physical contact with the object and thus in contrast to on site observation. In modern usage, the 

term generally refers to the use of aerial sensor technologies to detect and classify objects on Earth by means 

of propagated signals.  

 

2. STUDY AREA 
 

Study area is located in the palar sub-basin which includes ponnai river. The major part of the study area is 

covered by chandragiri, somala and puthalapattu mandals of chittoor district.  It is located 13°20' to 13° 50' N 

latitude and 79° 5' to 79° 30' E longitude and covering an area of 655 sq.km. It is included in the survey of India 

topographical sheets of 57k/15, 57o/2, 57o/3 on a scale of 1:50,000. The location map of study area is as per 

figure1 below.  
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Figure 1: Location Map of Palar sub-Basin 

 

3. Methodology 
 

The Various thematic maps like geomorphology, land use/land cover, slope and maps have been generated to 

identify the ground water potential zones in a series of steps as follows:              

  a) Determination of the basic resource information required for the production of various thematic maps such as 

ArcGIS.  

b) Delineation of Watershed boundary maps from SOI toposheets.                  

c) Extraction of watershed map from Digital Elevation Model (DEM) data. 

d) Preparation of slope map generated from DEM of the study area using surface analysis tool in GIS 

environment.  

e) Preparation of geomorphology map by visual interpretation of the Landsat TM satellite imagery available at 

USGS website.  

f) Preparation of land use / land cover map from Landsat data through visual interpretation techniques. g) 

Preparation of soil map. 

h) Reclassification of obtained maps. 

i) Assigning of weights according to their relative importance in groundwater occurrence and the corresponding 

normalized weights are obtained based on the Saaty's analytical hierarchy process. 

j) The thematic layers are finally overlayed by using weighted overlay tool in ArcGIS desktop software to yield a 

groundwater potential zone map of the study area. Thus, five different groundwater potential zones are identified, 

namely excellent, very good, good, moderate, and poor.  

                                             

4. Data & Software used 
 
Various types of data from different sources are used to prepare the required thematic maps are given below : 

a) Toposheets (57 K&O series) of 1:50,000 scale from geology department S.V.University, Tirupati. 

b) Remote sensing data such as DEM Landsat image Path/row: 143/51 Spatial resolution of 30m from United 

states geological survey (USGS). 

c) Soil data of 1: 50,000 scale from Indian water resources information system (IWRIS). 

d) ArcGIS 10.1 Desktop software used to prepare thematic maps and Weighted Overlay Analysis to identify 

Groundwater Potential Zones. 

 

5. Factors influencing Groundwater 
 
The occurrence of ground water in a geological formation and the slope for its exploitation primarily depend on 

porosity and permeability of the formation. The parameters that affect mostly the occurrence and movement of 

groundwater in a basin are geomorphology, soils, land use/land cover and slope.  
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5.1  Geomorphology Map 

Geomorphology studies are proved to be very effective in the location of groundwater potential zones. The 

hydrogeomorphological units like flood plains, valley fills, buried channels and lineaments are very good sources 

for groundwater. The geomorphological classification map shown in figure 2 depicts that the area is occupied by 

denundational, fluvial and coastal landforms such as pediment, pediment inselberg, inselberg, pediplain shallow, 

residual hill, structural hill and valley fill. 

 
Figure 2. Geomorphology map  

 

 

 
Figure 3. Groundwater potential zones based on 

geomorphology 

 

The geomorphic units such as valley fill are generally considered as excellent zones of groundwater potential and 

therefore assigned a score of 5, while pediplain shallow was characterized as very good zones of groundwater 

potential with a score of 4 as presented in Table 1. The pediplains located along the river course in alluvial 

formations act as favourable recharge zones, thereby forming very good groundwater potential areas. The surface 

water bodies and valleys were given a score of 3. The pediment and pediment inselberg were assigned a score of 

2, as they form moderate groundwater potential areas. The hill terrains stand for poor groundwater potential 

category and therefore were assigned a score of 1. The reclassified geomorphology map is shown as Figure 3. 

 

Table 1: Scores of groundwater potential based on geomorphology 

Geomorphology 
Area Groundwater  

    potential 
score 

km2 % 

Valley fills 26.7 3.89 Excellent 5 

Pediplain shallow 181.68 22.58 Very good 4 

Valley 7.51 2.55 Good 3 

Pediment 126.79 20.56 Moderate 2 

Pediment inselberg 99.7 14.25 Moderate 2 

Inselberg 10.4 1.5 Moderate 2 

Residual hills 23.83 4.95 Poor 1 

Denundational hills 22.9 29.9 Poor 1 
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5.2  Soil Map 

The transmission of surface water into an aquifer system is a function of soil type, texture, permeability and 

structure. Soils with high rates of infiltration act as good groundwater recharge areas. The soil maps of chittoor 

district on 1:50000 scale were projected, georeferenced and digitized to prepare soil map of the basin. The soil 

classes were assigned as attributes and soil map thus developed is shown as Figure 4. The study area is totally 

covered red clay loam soil occupies an area of 655km2. 

             
     Figure 4. Soilmap  

 

             
Figure 5. Groundwater potential zones based on soil map 

 

Score is assigned to the soil based on hydraulic conductivity (clap and hornberger,1978) for this Red clay loam as 

2 and considered as moderate category. The reclassified soil map is presented as  Figure 5. 

 

5.3 Land use/Land cover Map 

Land use/land cover plays a significant role in the development of ground water resources. The regional relief 

setting along with land use/land cover gives an idea about the general direction of groundwater flow and its 

influence on groundwater recharge and direction. The land use/land cover map for the study area was prepared 

from Landsat data through visual interpretation techniques. The study area comprises of water bodies, streams, 

crop land, scrub forest, scrub land and deciduous forest as shown in Figure 6.  
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Figure 6. Land use/land cover map                    

 

 
Figure 7. Groundwater potential zones based on LuLc map 

 

The classification of land use/land cover was done based on the infiltration characteristics and water holding 

capacity. On the basis of their significance with reference to groundwater prospects, where 1 denotes poor 

prospects and 5 denotes excellent prospect of groundwater. as presented in Table 2. The reclassified land use/land 

cover map is shown as Figure 7. 

 

Table 2. Scores of Groundwater potential based on Lu/L classification 

 

 

 

 

 

 

 

 

 

 

 

5.4 Slope Map 

Generally, flat and gently sloping areas are capable of holding rainfall and facilitate groundwater recharge, while 

elevated areas (steeply sloping ground) promote high run-off with low infiltration.  

 

Landuse/Landcover 

  Area Groundwate

r potential 

Scor

e km² % 

Water Bodies 0.2376 0.0363 good 3 

Streams/Lakes 67.189 10.2646 very good 4 

Crop Land 330.52 50.4941 excellent 5 

Scrub Forest 21.278 3.25077 moderate 2 

Scrub Land 33.109 5.05813 poor 1 

Deciduous 202.23 30.8961 poor 1 
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Figure 8. Slope map              

 

                           
Figure 9. Groundwater potential zones based on slope map 

 

 

Therefore, groundwater potential is expected to be greater in flat and gently sloping regions. Topographically low 

ground serves as the best aquifer horizon. The slope map was generated from DEM of the study area using surface 

analysis tool in GIS environment. 

 

The elevation of basin ranges from 310 at low land areas near somala and Irala to 1178m at high lands of 

pulicherla of the basin. The slope map of ponnai river basin derived from DEM is shown in figure 8. The slope 

map was rasterized and reclassified. Higher slope corresponds to low recharge and lower potential of 

groundwater. The slopes were assigned scores of 1 to 5, 1 being lowest and 5 being highest. The slope classes and 

scores assigned are given in Table 3. The reclassified slope map is presented as Figure 9.                                                                                         
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Table 3. Scores of Groundwater potential based on Slope classification 

 

slope(%) 
Area Groundwate

r  

potential 

scor

e Km2 % 

0-1 10.1 2.29 excellent 5 

1.1-3 10.15 2.86 very good 4 

3.1-5 
100.6

4 

15.3

7 
good 3 

5.1-15 
284.3

2 

41.4

4 
moderate 2 

15.1-

55.834 

248.8

8 

38.0

4 
poor 1 

 

 

6. Deriving weights using AHP/ANP 
 

AHP is a method to derive ratio scales from paired comparisons. The input can be obtained from subjective 

opinion such as satisfaction feelings and preference. AHP allow some small inconsistency in judgment because 

human is not always consistent. The ratio scales are derived from the principal Eigen vectors and the consistency 

index is derived from the principal Eigen value. A pair wise comparison matrix is derived using Saaty’s nine-

point importance scale based on thematic layers used for delineation of groundwater potential. Because we have 

four thematic layers, thus we have 4 by 4 matrix. 

 

The diagonal elements of the matrix are always 1 and we only need to fill up the upper triangular matrix. Based 

on the judgment value by comparing one thematic layer with other upper triangle matrix is filled. To fill the lower 

triangular matrix, we use the reciprocal values of the upper diagonal. If aij is the element of row i column j of the 

matrix, then the lower diagonal is filled using this formula    

aij = 1/ aji 

Thus now we have complete comparison matrix as shown in table 4. 

 

Table 4: Complete Comparison Matrix 

 

Theme Geomorphology Soil Slope LULC 

Geomorphology 1 1.4 2.3 7 

Soil 0.71 1 1.67 5 

Slope 0.42 0.6 1 3 

LULC 0.14 0.2 0.33 1 

Ʃ of column matrix 2.26 3.2 5.3 16 

 

The normalized principal Eigen vector is also called priority vector. Since it is normalized, the sum of all elements 

in priority vector is 1.The priority vector shows relative weights   among the things that we compare. 

 

Table 5: Normalized Score Table 

 
Theme Geo

morp

holo

gy 

Soil Slop

e 

LUL

C 

Ʃ Eigen vector % 

Geomo

rpholog

y 

0.44

2 

0.4

37 

0.43

3 

0.43

7 

1.7

49 

0.44 44 

Soil 0.30

9 

0.3

12 

0.31

5 

0.31

2 

1.2

48 

0.31 31 

Slope 0.18

5 

0.1

87 

0.18

8 

0.18

7 

0.7

47 

0.19 19 

LULC 0.06

1 

0.0

62 

0.06

2 

0.06

2 

0.2

47 

0.06 6 

Total 1 1 1 1 4   
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Principal Eigen value, λmax, is obtained from the summation of products between each element of Eigen vector 

and the sum of columns of the reciprocal matrix. Saaty gave a measure of consistency, called Consistency Index 

(CI) as deviation or degree of consistency using the following equation:  

CI=  

Where λmax is the Principal Eigen value of the pairwise comparison matrix and n is the number of classes. 

Consistency Ratio (CR) is a measure of consistency of pairwise comparison matrix and is given by equation    

CR =  

 

Table 6: Calculation of Principal Eigen Value 

 

Thematic Map Ʃ of column matrix (1) Eigen Vector (2) (1) x (2) 

Geomorphology 2.26 0.44 1 

Soil 3.2 0.31 0.99 

Slope 5.3 0.19 1.01 

LULC 16 0.06 0.96 

Principle Eigen Value, λmax 4.05 

 

If the value of CR is smaller or equal to 0.1, the inconsistency is acceptable. If CR is greater than 10%, we need to 

revise the subjective judgment. Here λmax value is 4.05, n is 4 because there are four parameters like 

geomorphology, soil, slope and LULC. Here for the value of n, the RI value is 0.89 as shown in table 6.12 

 

CI =  = 0.016 

CR =  =  = 0.0187 

or 1.827% < 10%. 

Hence, it is acceptable 

Further, different units of each theme were assigned knowledge-based hierarchy of ranking from 1 to 5. On the 

basis of their significance with reference to groundwater prospects, where 1 denotes poor prospects and 5 denotes 

excellent prospect of groundwater. The final weightages and rank of thematic layers and its individual features. 

 

 

7. Weighted Overlay Analysis 

 
Overlay analysis is carried out, using weighted overlay analysis tool provided in the ArcGIS software, to integrate 

various thematic maps viz. geomorphology map, soil map, slope map and land use land cover map. The various 

thematic maps were assigned with different weightages of numerical value to derive groundwater recharge 

potential zones. On the basis of weightage assigned to these maps and bringing them into the function of spatial 

analyst for integration of these thematic maps, a map indicating groundwater recharge potential zones is obtained. 

The final map has shown with five groundwater potential zones such as Excellent, very good, good, moderate and 

poor are shown in Figure 10 and the areal extent of groundwater potential zones represented in Table 7. 
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Figure 10. Groundwater potential zones map of Palar sub-basin 

 

 

Table 7: Areal extent of groundwater potential zones 

 

Groundwater 

potential zones 

Area 

Km2 % 

Excellent 76.23 11.65 

Very good 131.17 20.06 

Good 161.61 24.71 

Moderate 196.17 29.99 

Poor 88.85 13.58 

 

It may be observed that from Table 7 those excellent and very good groundwater potential zone occur at the 

ponnai river of the palar sub basin constituting 11.65% and 20.06% of area respectively. This may be due to high 

rainfall, low slope of 0-1%, pediplain type of geomorphology and agricultural land in the watershed. 
 

8. CONCLUSIONS 

 
The ground water potential map developed based on overlay analysis of thematic maps showed that rainfall 

influences ground water yield significantly with ground water potential zone map developed by soil, 

geomorphology, slope and land use/ land cover map. The analysis indicated excellent and very good ground water 

potential zones constituting 11.65 %and 20.06 % of the basin area at Ponnai watershed in the western part of the 

palar sub-basin. This may be due to low slope (0-1 %), loamy soil, Pediplain type of geomorphology and 

agricultural land in the area. Good ground water potential zone constituting 24.71% of the basin area and was 

observed on the downstream of Pulicherla and Somala. A moderate ground water potential zone occupies 29.99% 

while the poor category occupies 13.58% of the basin area. The ground water potential zone map may also help 

the planners and developers to adopt suitable management strategies for sustainable ground water resources of the 

basin. 
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