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Abstract: The study area Hesaraghatta watershed is a part of 

Arkavathi river basin. Morphometric analysis has been carried 

out to understand the hydrological condition of the Hesaraghatta 

watershed. Geographic Information System has been used in the 

elevation of linear, aerial and relief aspects. The different 

morphological parameters like number of streams, stream 

frequency, stream length, and bifurcation ratio and aerial 

aspects drainage density (Dd) and drainage frequency (Df) of the 

basin reflect its hydrological response of the watershed. The geo-

morphological analysis of the drainage network of a watershed 

gives information about the relationship between the surface 

runoff, infiltration of rain water and relative permeability of 

rocks in the study area. The Hesaraghatta watershed is 6th order 

basin, dendritic pattern of drainage and with drainage density 

indicating moderate permeability and high runoff of the 

catchment. The watershed obeys Horton’s Law of relating linear 

and aerial aspects. The GIS study has brought out the relation 

between lithology, structure and morphometric characters. The 

groundwater potential zones also depend on the lineaments and 

fractured rocks present in the basin area.  

I. INTRODUCTION 

 qualitative morphometric analysis of any basin reflects 

its hydrological behavior and is therefore useful in 

evaluating the hydrological responses of the basin.  

Hesaraghatta watershed has been studied to quantify its 

morphometric characteristics that will reveal its geomorphic 

behavior. The study area exhibits dendritic pattern of drainage 

that produces moderate to nil flood intensity. In order to 

assess the quantum of water available for utilization a 

systematic hydrological study is essential. In this context a 

systematic geomorphological study  of the Hesaraghatta 

watershed has been carried out and  results presented in this 

paper. 

II. STUDY AREA 

Hesaraghatta watershed is a part of Arkavathi river basin and 

is located between 77
o 

20
’
 to 77

o 
 42

’
 E longitude and 13

o 
10

’ 
 

to 13
o
 24

’ 
N latitude with an  aerial extent of 600 square 

kilometers. Hesaraghatta village is located 18 Km to the 

northeast of Bangalore and the village is mainly occupied by 

lake, a man-made freshwater reservoir that covers a catchment 

area of 73.83 square kilometres. The lake is often called as ” 

The Malnad of Bangalore” as it served the Bangalore city by 

providing drinking water since 1896 up to 1994. Geologically 

the Hesaraghatta watershed is predominantly underlined by 

granites, gneisses with pockets of schistose rocks and 

migmatites of Archean age. The area is covered under the 

semiarid and  subtropical climate characterized by medium to 

hot weather and normal average annual rainfall is 767mm. 

The area is an undulatory terrain. 

III. AIM AND OBJECTIVES 

To know the stream development in a drainage,  to calculate 

the number of streams in each order, and mean basin area of 

the drainage. Drainage density and other morphometric 

parameters to prepare a landuse and land cover map of the 

Hesaraghatta watershed. 

IV. METHODOLOGY AND DATA COLLECTION 

Morphometric analysis of Hesaraghatta watershed has been 

carried out by using digital data of geo-referenced and mosaic 

multispectral data of IRS-1D LISS III. Visual interpretation of 

satellite imagery was carried out to delineate various 

geomorphic units and landform features. The drainage has 

been delineated using merged satellite data of geocoded FCC 

bands on 2.3 and 4 on 1:50.000 scale and using Survey of 

India toposheets 57G/7, 57G/8, 57G/11 and 57G/12.  The 

linear measurements have been carried out by using 

Opisometer, aerial measurements from digital planimeter and 

elevation has been picked-up from the toposheets. 

V. GEOLOGY OF THE AREA 

Geologically the Hesaraghatta watershed is predominantly 

underlain by granites and gneisses with pockets of schistose 

rocks and migmatites of Archean age and popularly 

designated as hard rocks. The gneisses are often found to be 

intruded by dyke rocks, pegmatites and aplite veins. 

Charnockites occur in the far southwestern parts and there are 

some elongated bodies of amphibolites aligned in the N-S 

direction through the central part. The predominant strike 

direction is NW-SE. The hard rocks are fractured, fissured and 

have undergone extensive weathering, the resulting weathered 

crust ranged in the thickness from 10 to 30 metres forming the 

most potential groundwater reservoir in the area. The laterites 

A 
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of palaeocene age are seen at places as cappings on the 

gneisses in the northern and eastern parts of the study area. 

Alluvium occurs as local patches along the stream courses and 

nullahs with limited aerial extent. 

VI. MORPHOMETRIC ANALYSIS 

Morphometric analysis has been carried out to understand the 

geology of the drainage basin, drainage network texture and 

relief characteristics. Many researchers have emphasized the 

controls of litho-logical, structural and tectonic features on 

drainage network development (Horton, 1956; Chorley, 1962; 

Leopold et al. 1956; Marisawa, 1968; Sastry et. al. 1983). The 

details of the morphometric analysis for the Hesaraghatta are 

shown in Table-1. 

Table-1: Bifurcation ratio, Length ratio and Area ratio of 

Hesaraghatta watershed. 

Stream 
Order 

(U) 

Number 

of 
Stream 

segments 

(No) 

Bifurcation 

Ratio (Rb) 

Total 
Length 

of  

streams 
(kms ) 

(Lu) 

Mean 

Length 

(kms) 
(Lu) 

Cumulative 

Mean 

Length 
(kms) (Lu) 

I 905 4.5 476 0.53 0.53 

II 201 4.27 230 1.14 1.67 

III 47 5.2 111 2.36 3.50 

IV 9 3.0 59 6.56 8.92 

V 3 3.0 34 11.3 17.86 

VI 1 1 16 16.0 27.30 

 1166 3.50 926 - - 

VII. DRAINAGE PATTERN 

Drainage analysis is also called as fluvial morphometry which 

provides information regarding the factors which control in 

the development of drainage. Morphometric analysis means 

measurement of shape of the watershed, area of the watershed 

and the length of the streams. On the basis of projections of 

the system to the horizontal planes the linear properties such 

as length, and area are calculated. 

The Hesaraghatta watershed exhibits dendritic pattern of 

drainage (Fig.1), which indicates that the soil is semi-porous 

in nature. The watershed exhibit 6
th

 order of drainage network, 

bifurcation ratio is 3.5 which is  normal according to Horton 

(1945). He considered the bifurcation ration is an index of 

relief and dissections. The bifurcation of  the study area 

indicates that the watershed is at mature stage. According to 

Strahler (1952) if the value of the bifurcation ratio is 

 
Fig.1: Drainage map of Hesaraghatta watershed 

higher than five indicates the structural control over the 

drainage network. In the present study the value of bifurcation 

ratio is 3.5 and it does not reflect structural control of 

lineament zones on the drainage. 

VIII. STREAM ORDER 

In the watershed analysis the designation of stream order is 

the first step and is based on the hierarchy ranking of streams. 

In the present study ranking of streams has been carried out 

based on the method proposed by Strahler (1957). The order-

wise stream numbers, area and stream length  are  shown in 

Table-1. 

It is observed that in the study area the maximum number of 

streams in the lower order. It is also noticed that there is 

decrease in stream frequency as the stream order increases. 

Horton (1945) stated that the number of streams of each order 

forms an inverse geometric with the other higher order 

number. The average bifurcation ratio from the graph is 3.5 

(Figure-3). 

 

Fig.2: Relationship between Number of Streams and Stream order. 
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Fig.3: Relationship between Stream order and Mean Stream length. 

IX. STREAM LENGTH 

One of the most significant hydrological feature of the 

watershed is the stream length as it reveals the surface run-off 

characteristics. Streams of relatively smaller lengths have 

characteristic area with larger slopes and linear texture. The 

average stream length has been determined by random 

sampling technique. 

The mean stream length and its related parameters are shown 

in Table-1.  Horton (1945) defined a length ratio (Rl) as the 

ratio of mean length of channel segment of a given order to 

that of lower order. The plot of stream length V/S stream 

order shows a linear relationship (Figure-3) and least square 

technique has been employed to draw this line. The slope 

gives the length ratio which is 2.09 for the Hesaraghatta 

watershed.  

X. MEAN STREAM LENGTH 

The stream length is the characteristic property related to the 

drainage network and its associated surfaces. The mean 

stream length has been calculated by dividing the total stream 

length of the order by the number of streams. The mean 

stream length of the study area is 0.53 for first order, 1.14 for 

the second order, 2.36 for the third order, 6.6 for the fourth 

order, 11.31 for fifth order and 16.0 for the sixth order. It is 

observed that mean stream length of streams increases with 

increase in the order. The average stream length for the 

Hesaraghatta  watershed is 6.3. 

XI. LENGTH OF OVERLAND FLOW 

The length of overland flow (Lg) is the length of water over 

the ground surface before it gets concentrated into a definite 

stream channel (Horton, 1945). Length of overland flow is 

one of the most important and independent variable affecting 

hydrologic and physiographic development of drainage basin. 

The length of the overland flow is approximately equal to the 

half of the reciprocal of drainage density.  This factor is 

related inversely to the average slope of the channel and is 

quite synonymous with the length of sheet flow to the a large 

degree. The Lg value for the study area is 0.53. 

XII. DRAINAGE DENSITY( Dd) 

Horton (1932) based on his research studies believed that the 

drainage density is an important indicator of the linear scale of 

the landform elements in stream eroded topography. It is the 

ratio of total channel segment length cumulated for all orders 

with in a basin area which is expressed in terms of km/km
2
. 

The drainage density indicated the closeness of spacing of 

channels, thus providing quantitative measure of the average 

length of stream channel for the whole basin. It has been 

observed from the drainage density measurement made over a 

wide range of geologic and climatic type that a low density is 

more likely to occur in region and highly resistant of highly 

permeable subsoil under dense vegetative cover and where 

relief is low. High drainage density is the resultant of weak or 

impermeable subsurface material, sparse vegetation and 

mountainous relief. The drainage density (Dd) of the study 

area is 0.9293 km/km
2 

indicating moderate drainage density 

and it is inturn indicates the basin is moderate to high runoff 

with permeable sub-soil and vegetative cover. 

 

Figure-4: Landuse/Land cover map of the Hesaraghatta watershed. 

XIII. STREAM FREQUECY (Fs) 

Stream frequency is expressed as the total number of stream 

segments of all orders per unit area. It exhibits positive 

correlation with drainage density in the watershed indicating 

an increase in stream population with respect to increase in 

drainage density. The stream frequency for the study area is 

1.17. 

XIV. CIRCULARITY RATIO (Rc) 
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Circularity ratio is the ratio of an area of a basin to the area of 

circle having same circumference as the perimeter of the 

basin. It is influenced by the length and frequency of streams, 

geological structures, landuse/land cover, climate and slope of 

the basin. The circularity ratio value of the present study area 

is 0.85 and it is indicating the basin is characterized by 

moderate to low relief and drainage system seems to be less 

influenced by the structural disturbences. 

XV. ELONGATION RATIO 

Schumm (1956) defined elongation ratio as the  ratio of 

diameter of a circle of the same area as the drainage basin and 

maximum length of the basin, The values Elongation ratio 

generally ranges from 0.6 to 1.0 over a wide variety of climate 

and geologic conditions. The Elongation ratio for the present 

watershed is 0.82 indicating moderate to slightly steep ground 

slope. 

XVI. LANDUSE AND LANDCOVER 

Landuse is an important concept and it includes the natural 

resources like soil, vegetation, water flora and fauna. The 

landuse and land cover map of the study watershed (Fig.4)  

shows that the area is covered with large agricultural land, 

urbon development, vegetation,  forests and grasses The 

impact of climate, soil, vegetation etc., on the landuse of an 

area mainly depends on the topographic conditions. If the 

government wants to develop any housing colonies, 

industries, roads, parks etc., near the watershed they should 

have perfect knowledge of landuse and it should not affect the 

local environment.  

Sl. No. 
Land use/land cover 

classification 

Area 

(km2) 
% area 

1 Agricultural Plantation 115.14 19.1 

2 
Barren Ricky/Stony 

waste/Sheet Rock area 
3.505 0.6 

3 Degraded Forest 0.0398 0.01 

4 
Dense grass land/Grazing 

land 
10.754 1.8 

5 Fallow land 2.099 0.34 

6 Forest Plantation 1.91 0.32 

7 Gullied/Revinos land 0.882 0.2 

8 Habitation with vegetation 0.197 0.03 

9 Industrial area 2.066 0.33 

10 Kharif+Rabi (Double crop) 115.26 19.2 

11 Kharif crop 261.06 43.5 

12 Lake/Tanks 39.623 6.6 

13 Land with scrub 12.648 2.11 

14 Mining/Industrial waste land 0.96 0.2 

15 Mixed Vegetation 0.655 0.11 

16 Rabi crop 0.817 0.14 

17 Reservoir 7.073 1.2 

18 Scrub forest 5.953 0.99 

19 Town/Cities 6.24 1.03 

20 Tree groves 1.034 0.18 

21 Village 12.08 2.01 

 Total 600 100 

 

Table-2: Landuse and Landcover pattern in the Hesaraghatta 

watershed. 

XVII. CONCLUSION 

It obeys Horton’s law in relation to linear and aerial aspects 

(Horton, 1945). 

The area is a part of hard rock terrain. Drainage pattern in the 

study watershed is mainly controlled by lithology and 

structures. Topography, lithology and lineaments of the 

Hesaraghatta watershed has important water bearing on 

hydrological characteristics of the area. Morphometric 

analysis of Hesaraghatta watershed reveals that it is a sixth 

order, elongated, medium to coarse textured basin. 
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