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ABSTRACT 

Artificial groundwater recharge plays a vital role in sustainable management of groundwater resources. 

The present study was carried out to identify the artificial groundwater recharge zones in Kallar 

watershed using remote sensing and geographical information system (GIS) for augmenting groundwater 

resources. The study area has been facing severe water scarcity due to intensive agriculture for the past 

few years. Morphometric parameters are analyzed to understand the watershed characteristics and its 

influence on the water resources for instance bifurcation ratio indicates high surface runoff and low 

recharge. Low drainage density showing permeable strata, dense vegetation and low relief. Analysis of 

shape parameters i.e. elongation ratio and circularity ratio suggest that Kallar watershed is elongated in 

shape. Whereas, slope, geology and geomorphological mapping is done to demarcate groundwater 

potential zones for future exploration in the study area. Slope is inversely proportional to infiltration. The 

integrated study helps in designing suitable sites for constructing water harvesting structures. Check 

dams, percolation tanks and nala bund are proposed at 1st, 2nd or 3rd drainage orders at Micro Basins 

(MB-1) and MB-4 with pediment. Nala bund & check dam are proposed at MB-2 and MB-4 whereas, at 

MB-3 check dams and percolation tanks are proposed so as to conserve the natural resources present in 

the watershed. Finally, the best feasible water harvesting structures have been proposed within the 

watershed area using remote sensing and GIS techniques. 
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INTRODUCTION 

The study of drainage basin provides valuable information about the geological and evolutionary history 

of the area. A systematic study of the drainage patterns and quantitative studies like morphometric, 

hypsometric analysis and their statistical details aid in finding the similarities and differences between 

drainage basin. The relationship between various drainage parameters and the above factors are now 

almost well established (Horton 1945, Strahler 1957, Melton 1958, Pakhmode 2003, Gangalakunta 2004). 

Several workers have used remote sensing data and GIS on morphometric parameters and have concluded 

that remote sensing has emerged as a powerful tool in analyzing the drainage morphometry (Agarwal, 

1998, Nag, 1998, Das and Mukhrjee, 2005). Morphometric parameters along with physical aspects such 

as slope, lithology, elevation, land use/land cover etc. are used to identify suitable sites and structures for 

groundwater recharge, which are useful in water resources development plan. In the recent past several 

studies have been carried out based on GIS and remote sensing applications in delineating groundwater 

potential zones so as to formulate water resource development plan (Khan et al., 2006, Kushwaha et al., 

2010). Application of remote sensing provides a reliable source for the preparation of various thematic 

layers for morphometric analysis. The digital elevation data can be used for generating the elevation 

model of a landscape to any extent. The resolution of the image may vary with respect to the satellite 

sensors. The processed DEM can be used for generating the stream network and other supporting layers 

(Mesa, 2006, Magesh et al., 2011). Geographical information systems (GIS) have been used for assessing 

various basin parameters, providing flexible environment and powerful tool for determination, 

interpretation and analysis of spatial information related to river basins. Geology, relief and climate are 

the primary determinants of a running water ecosystem functioning at the basin scale (Mesa 2006, John 
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Wilson et al., 2012, Magesh and Chandrasekar, 2012). Thus, detailed morphometric analysis of a basin is 

of great help in understanding the influence of drainage morphometry on landforms and their 

characteristics. Remote sensing and GIS have been employed in the present study superimposing thematic 

maps like drainage, geology, geomorphology, Digital Elevation Model (DEM) and slope to extract useful 

information so, as to formulate a water resource development plan for the Kallar watershed. 

Study Area 

Kallar watershed is one of the sub-watersheds in the Cauvery River; it is categorized under semi critical 

area based on existing groundwater development condition. Kallar watershed located in Salem district 

west, central, southern and eastern part of Perampalur and Cuddallor districts and small portion in 

Viluppuram district in Northern part. It is well connected by roads and railways with rest of the cities in 

Tamil Nadu. It is lying in between 78
0
 38‟ 58” to 79

0
 20‟ 19” Eastern longitudes and 11

0
 20‟ 38” to 11

0
 

32‟ 10” Northern latitudes (Figure 1). The total area of block is 545 sq. km. There are eight blocks fall 

within the block. The Kallar is known for aggressive agricultural practices, such as tapioca cultivation and 

sago industry. Semi arid climatic condition prevailing in the watershed without much variation, the annual 

average rainfall in the block is about 842 mm, which much lower than the state average rainfall. The 

Kallar watershed is mostly covered by pediments and pediplain with extensive coverage of black cotton 

soil, which normally have low infiltration. At present, the agricultural practices are mostly oriented 

towards the availability of groundwater resource in the watershed. Charnockite and hornblende biotite 

gneiss is the major rock types present mostly in the northern and southern part of the Kallar watershed. 

The metamorphosed gneissic rocks foliated and weathered compare to charnockitic rocks. However, 

lineaments associated with joints and fractures control high weathered condition irrespective rock types. 

Both dug wells and bore wells catering groundwater requirement in gneissic terrain.  

 

 
Figure 1: Location map of the study area 

 

MATERIALS AND METHODS 

Data Used and Methodology 

Survey of India toposheet (SOI) on 1:50,000 scales were used for preparation of base map and for 

delineating watershed boundary. False Colour Composite (FCC) of Indian Remote Sensing Satellite IRS 

P6 LISS III was utilized for thematic mapping. SRDM data was subsequently utilized for preparation of 

Digital Elevation Model (DEM) (Figure 2) and Slope maps. District resource map published by 

Geological Survey of India was used for extracting lithological units of Kallar watershed. The study 

involves various steps; the first step was to prepare a base map using Survey of India toposheet. Drainage 
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network was initially derived from SOI toposheet on a transparency and later updated from IRS P6 LISS 

III FCC. Basin boundary was demarcated based on drainage lines considering slope, contours, elevation, 

spot height etc. Following the same procedure sub-basin boundaries were also demarcated. The drainage 

map was scanned georeferenced and subsequently digitized for creation of drainage layers as line 

coverage, giving unique id for each order of stream. Based on the drainage characteristics, the whole 

basin was divided into 4 micro basins i.e. MB-1 to MB-4. Various morphometric parameters (linear, areal 

and relief) were computed for each sub-basin using standard methods and formulae.  

 

 
Figure 2: Drainage superimposed on digital elevation model (DEM) 

 

Morphometric Analysis 

The word „morphometry‟ is applied for the drainage basin refers to the measurement of the linear and 

areal aspects of the drainage basins and treating as a fundamental geomorphic unit. These quantitative 

approaches to the drainage basins are initiated by Horton (1945). A fully analyzed drainage map provides 

a reliable index for the permeability of the rocks from the drainage basin. The linear aspect of a drainage 

basin analysis consists of independent variables like stream order and dependent variables namely stream 

length and stream number (Strahler, 1957). Drainage analysis based on morphometric parameters is very 

important for watershed planning since it gives an idea about the basin characteristics in terms of slope, 

topography, soil condition, runoff characteristics, surface water potential etc. For developing water 

resources of a basin terrain parameters like topography, lithology, hydrology, basin characteristics etc. are 

required to be analyzed in GIS domain to as to arrive at integrated analysis. The inter-relationship 

between these parameters plays a significant role in demarcating promising areas of water resources 

development. Morphological parameters are considered as guiding tools for identifying the necessity of 

selecting a particular type of soil and water conservation structure in sub-basins. Morphometric 

parameters utilized for the present study are discussed as under. 

Bifurcation Ratio (Rb) 

The Bifurcation Ratio is the fundamental importance in drainage basin analysis as it is the foremost 

parameter to link the hydrological regime of a sub-basin under topological and climatic conditions. It 

helps to have an idea about the shape of the basin as well as in deciphering the runoff behavior.  

𝑅𝑏 =
𝑁𝑢

𝑁𝑢 + 1
                                                                                                                                                             1  

The bifurcation ratio is the ratio of the number of the stream segments of given order „Nu‟ to the number 

of streams in the next higher order (Nu+1). Horton (1945) considered the bifurcation ratio as index of 
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relief and dissection. Strahler (1957) demonstrated that bifurcation shows a small range of variation for 

different regions or for different environment except where the powerful geological control dominates. It 

is observed from the „Rb‟ is not same from one order to its next order. These irregularities are dependent 

upon the geological and lithological development of the drainage basin (Strahler, 1964).  

Drainage Density (Dd) 

Drainage density is the measure of the texture of the drainage basin. Drainage density is the ratio of the 

total stream length (Lu) cumulated to all order in the basin to the total basin area (A).  

𝐷𝑑 =
𝐿𝑢

𝐴
                                                                                                                                                               (2) 

High drainage density is favored in region of weak rock or impermeable subsurface material. Low density 

shows highly permeable or highly resistant subsoil material under dense vegetation and low relief. The 

drainage density is an important indicator of the linear scale of landform element in stream eroded 

topography and defines as the total length of stream of all orders/drainage area and may be an expression 

of the closeness of spacing of channels (Horton, 1932).  

Circularity Ratio (Rc) 

Circulatory ratio is the ratio of the area of the basin (A) to the area of the circle having the same 

circumference as the perimeter (P) of the basin (Miller, 1953).  

𝑅𝑐 = 12.57 ∗
𝐴

𝑃2
                                                                                                                                                 (3) 

„Rc‟ is also called the compactness ratio. It indicates stage of dissection in the basin. It is the ratio of area 

of basin to the area of circle having same circumference as the perimeter of the basin (Miller 1953).  

Elongation Ratio (Re) 

Elongation ratio is the ratio between the diameter of a circle of the same area as the drainage basin and the 

maximum length of the basin (Schumm, 1956). A circular basin is more efficient in runoff discharge than 

elongated basin (Singh and Singh, 1977).  

𝑅𝑒 =
2

𝐿𝑏 ∗ (
𝐴
𝜋

)0.5
                                                                                                                                                   (4) 

Where,  Lb is the length of the basin, A is area of the basin in sq. km.  

According to Strahler (1952) the elongation ratio between 0.6 and 0.8 indicates high relief and steep slope 

region. Elongation ratio is the ratio between the diameter of the circle of the same area as the drainage 

basin (A) and the maximum length (L) of the basin (Schumm 1956).  

Relief Ratio (Rh) 

The ratio of maximum relief to horizontal distance along the longest dimension of the basin parallel to the 

principal drainage line is termed as relief ratio (Schumm, 1956).  

𝑅ℎ𝑙 =
𝐻

𝐿𝑏
                                                                                                                                                                (5) 

The „Rhl‟ normally decreases with the increasing area and size of basin of a given drainage basin 

(Gottschalk, 1964).  

Geology  

The study area comprises of Precambrian crystalline rocks viz: hornblend biotite gneiss, charnockite, 

migmatite gneiss, sand and silt and clay. Charnockite and hornblende-biotite gneiss covers major part. 

Ranks were assigned to each geological unit on the basis of their porosity and permeability. Since 

Charnockite posses high porosity and permeability (Figure 3).  
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Figure 3: Geological map of the study area 

 

Slope 

Slope analysis is an important parameter in geomorphic studies. The slope in Kallar watershed varies 

from 0˚ to 6.8˚ (Figure 4). Slope plays a very important role in determining infiltration vs. runoff relation. 

Infiltration is inversely related to slope i.e. gentler is the slope, higher is infiltration and less is runoff and 

vice-versa. The slope elements, in turn are controlled by the climatomorphogenic processes in the area 

having the rock of varying resistance.  

An understanding of slope distribution is essential as a slope map provides data for planning, settlement, 

mechanization of agriculture, deforestation, planning of engineering structures, morpho conservation 

practices etc. Slope map was generated from DEM derived from ASTER data using Arc-GIS. Aspect grid 

is identified as “the down-slope direction of the maximum rate of change in value from each to its 

neighbours”. 

Geomorphology 

The word landform denotes the structure, process and stage that shape the earth surface features. 

Therefore, study of landforms help in understanding the material with which they are made up of, the 

processes responsible for their genesis and the stage of their evolution. In such a broader sense, the 

knowledge of landforms lends clues for the evaluation of resource potential, including the ground water in 

an area.  

Thus, geomorphology assumes significance in ground water studies. The various geomorphological units 

discussed are the result of different geomorphologic processes especially the fluvial activities that have 

been operated in the area (Harikrishna, et al., 2013). The Indian Remote sensing satellite IRS-P6, LISS III 

(March., 2012) digital data was analyzed through image processing software (ERDAS imagine 9.1) and 

Arc GIS 9.3 software.  

The various geomorphic features were delineated and digitization. Field investigations were made for 

ground verification before finalizing the geomorphic map. In this study, six geomorphological units have 

been delineated by standard visual interpretation techniques. These are deep, moderate and shallow buried 

pediment, linear ridge and valley floor (Figure 5).  
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Figure 4: Slope map of the Kallar watershed 

 

        
Figure 5: Geomorphology of Kallar watershed 

 

Land Use/Land Cover Analysis 

Land use describes how a piece of land is used whereas land cover describes the materials present on the 

surface (Sabin, 1987). Monitoring, mapping and assessment of land use/land cover in temporal sequence 

are essential for planning and development of land resources. A sudden change in land use/land cover 

may be indicative of change in terrain character. The land use pattern and land management of an area 

reveal indirectly the conditions of the people of the area their economic status and resources. The satellite 

data of IRS P6 LISS III have been used in the analysis. The present study area covers different types of 

land use/Land cover categories. Five types of land use/Landover categories have been identified in the 

study area. They are built up land, agriculture land, forest, wastelands and water bodies (Figure 6).  



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm 

2014 Vol. 4 (3) September-December, pp. 173-182/Kumar and Srinivasan 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  179 

 

 
Figure 6: Land use / land cover map of the study area 

 

RESULTS AND DISCUSSION 

In the present study area „Rb‟ ranges from 4.17 to 6.80 indicates watershed area is not affected by major 

structural disturbances. Thus, high value of bifurcation ratio for micro basin 1 clearly indicates high 

surface runoff and low recharge (Table 1). 

 

Table 1: Computational results of linear Morphometric parameter of sub-basins of the Kallar 

Watershed 

Micro-

basins 

Basin 

length 

(km) 

No. of streams of different order Bifurcation ratio (Rb) 

1 2 3 4 5 ∑Nu 1/2 2/3 3/4 4/5 
Mean 

Rb 

MB1 35 242 48 11 1 -- 302 5.04 4.36 11 -- 6.80 

MB2 20 84 12 3 2 -- 101 7 4 1.5 -- 4.17 

MB3 18 132 23 6 2 -- 163 5.74 3.83 3 -- 4.19 

MB4 28 254 53 10 3 1 321 4.79 5.3 3.33 3 4.48 

Average 25 178 34 7.5 2 0.2 221 5.64 4.37 4.71 3 4.91 

 

It is the total length of streams of all orders divided by the area of drainage basin and indicates closeness 

of spacing of channels. In the study area low drainage density ranges from 1.29 (MB-4) to 1.96 (MB-2) 

km/km
2
. This signifies that the strata are permeable, with dense vegetation and low relief. Present study 

even shows that the area with moderate to high drainage density is poor in case of ground water prospect 

thus; most of the water is lost as surface runoff leaving behind less infiltration. On the contrary low 

drainage density areas permit more infiltration and recharge to the groundwater and therefore act as good 

source for groundwater recharge (Table 2). 

 

Table 2: Morphometric parameters of Kallar watershed 

MB A (km2) P (km) 

Dd 

(km/km2) Re Rc Rn 

Relief Ratio 

(Rh) 

1 173 86 1.49 0.01 2.01 7.01 0.82 

2 52 44 1.96 0.02 1.18 12.41 1.55 

3 104 58 1.64 0.02 1.79 10.34 0.93 

4 214 75 1.29 0.01 2.85 9.92 0.47 
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Circularity ratio values >0.5 suggest that the basin is more or less circular in shape and the quantity of 

discharge is comparatively less in sub-basins with lower Rc values. In the study areas the values of Rc 

ranging from 1.18 to 2.85 suggests that the sub-basins possess low discharge. Higher values indicate 

active denudational processes with high infiltration capacity and low runoff. Whereas, lower values 

indicate higher elevation of the basin susceptible to high head ward erosion along tectonic lineaments. 

Values close to 1.0 are typical of regions of very low relief, whereas those in the range of 0.6 - 0.8 are 

generally associated with high relief and steep ground slope. Re values in Kallar watershed range from 

0.01 to 0.02 suggests that the sub basins are less elongated, and possess low to moderate infiltration. It 

normally increases with decreasing drainage area and size of micro watersheds of a drainage basin. 

Ruggedness number (Rn) is the product of maximum basin relief and drainage density where both terms 

are in same units. It indicates the structural complexity of the terrain. The Kallar watershed with Rn value 

of 7.01 to 12.01 indicates moderate basin relief. The ratio of maximum relief to horizontal distance along 

the longest dimension of the basin parallel to the principal drainage line is termed as relief ratio.  

GIS is an efficient tool to integrate different layers to determine interrelationship amongst the various 

themes that integration is possible and accuracy of the output is maintained. Drainage, geomorphology 

and slope map were superimpose to discern groundwater potential zones. Whereas, overlay analysis of 

drainage, slope, land use/land cover, litho and geomorphic units in a GIS domain proved out to be very 

helpful for site selection and construction of artificial recharge structures within the Kallar watershed 

(Figure 7). It provides the results of the integration of various themes to formulate a water resource 

development plan in the Kallar watershed. 

 

 
Figure 7: Locations of proposed structure for artificial recharge 

 

Conclusions 

Remote sensing and GIS have demonstrated their capability in framing water resource development plan 

and management strategies in Manchi basin. This integrated approach proved to be useful for selecting 

suitable sites of ground water deficit areas which requires immediate measures to tap rainwater. High 

values of bifurcation ratios suggest that either check dam or nala bund may be planned due to low soil 

permeability and high erosion rate. Whereas, low elongation ratio suggests for a check dam. Lower value 

of ruggedness suggests percolation tanks. Drainage map was superimposed on land use/land cover map to 

identify suitable sites for constructing water harvesting conservation structures so as to protect the natural 

resources of Kallar watershed. In MB-1 percolation tank, nala bund and check dam may be constructed on 

1st, 2nd and 3rd orders where the land use present is ravenous land, uncultivated land and open forest. In 
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MB-2 nala bund and check dam are suggested on 1st and 2nd order with ravenous land, uncultivated land 

as land use. MB-3 check dam, percolation tank were proposed with ravenous land, uncultivated land and 

exposed rock as land use on 1st or 2nd order. Whereas in MB-4 Percolation tank, nala bund, check dam 

were proposed with exposed rock, ravenous land, uncultivated land on 1st or 2nd. Thus, the proposed 

water harvesting structures construction in future time will lead to the improvement of groundwater 

conditions and conservation of the natural resources within the basin area.  
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