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Abstract 

Yarehalli micro-watershed lies between 750 51' 37.58'' to 750 53' 29.93'' East longitudes and 130 58' 

59.95'' to 140 1' 3.72'' in Davanagere district of Karnataka. The drainage networks of micro-watershed 

were delineated from the Survey of India topographical map of 1:50,000 scale. ArcGIS software was 

used for evaluation of linear, areal and relief as pects of the micro- watershed. The present study reveals 

that, drainage pattern of the study area is dendritic with trunk order 4th. The watershed area, perimeter, 

maximum length and width of the watershed was 977 ha, 10.00 km, 4.40 km and 2.20 km respectively. 

The mean value of bifurcation ratio is 3.23, the micro-watershed have been suffered less structural 

disturbance and drainage pattern has not been distorted. The value of drainage density is 2.31 km km-2 

which indicated that, the region is having permeable subsoil material and good vegetative cover. The 

value of form factor indicates micro-watershed is approaching towards elongated shape of watershed. 

The present study reveales that, GIS based approach in evaluation of geo-morphological characteristics is 

more appropriate than conventional techniques. Over all study suggests that the micro-watershed should 

be treated with soil and water conservation measures. 
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Introduction 

Watershed is a natural hydrological entity from which runoff resulting from precipitation 

flows past a single point into large stream, river, lake or ocean. Thus, a watershed is the 

surface area drained by a part or the totality of one or several given water courses and can be 

taken as a basic erosional landscape element where land and water resources interact in a 

perceptible manner. Morphometric analysis provides quantitative description of the basin 

geometry to understand initial slope or inequalities in the rock hardness, structural controls, 

recent diastrophism, geological and geomorphic history of drainage basin (Strahler, 1964) [18]. 

Morphometric analysis requires measurement of linear features, gradient of channel network 

and contributing ground slopes of the drainage basin. A major emphasis in geomorphology 

over the past several decades has been on the development of quantitative physiographic 

methods to describe the evolution and behavior of surface drainage networks (Horton, 1945) 

[5]. The influence of drainage morphometry is very significant in understanding the landform 

processes, soil physical properties and erosional characteristics. Drainage characteristics of 

many river basins and sub basins in different parts of the globe have been studied using 

conventional methods (Horton, 1945; Strahler, 1964) [5, 18]. Geographical Information System 

(GIS) techniques are now a days used for assessing various terrain and morphometric 

parameters of the drainage basins and watersheds, as they provide a flexible environment and a 

powerful tool for the manipulation and analysis of spatial information. 

 

Material and Methods 
The present study was taken up extensively in Yarehalli micro-watershed located in 

Channagiri taluk of Davanagere district, Karnataka state (Fig.1) and having total area of 977 

ha which lies between 750 51' 37.585'' to 750 53' 29.93'' East longitudes and 130 58' 59.959'' 

and140 1' 3.722'' spread across Dongraghatta, Sunageri, Haronahalli and Yarehalli villages. 
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The average annual rainfall of study area is 612-1054 mm. 

The major soils are sandy clay & clay soil. The main cropping 

season is Kharif. Major crops in Davanagere district are 

paddy, ragi, jowar, maize, groundnut and sunflower. It is 

falling under the Survey of India top sheet of D43P13 

(1:50,000).  

 

 
 

Fig 1: Location Map of the study area 

 

DEM data is used to calculate the flow direction a staple for 

determining many important hydrologic parameters stream 

network is determined by using Arc GIS tools. Quantitative 

morphometric analysis was carried out for micro watersheds 

for linear aspects, areal aspects and relief aspects. The 

analysis was carried out using Arc GIS 10.4. The detailed list 

of various morphological characteristics derived for Table 1 is 

used for calculating the morphometric parameters of the 

micro watersheds. 

 

 
 

Fig 2: Show the DEM and Strean Irder map 
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Table 1: Formulae adopted for evaluation of geo-morphological characteristics 
 

 

 

 
 

Results and Discussion 

The geomorphological analysis and measurements were made 

from the digitized drainage pattern map of the Yarehalli 

micro-watershed. Digitized drainage pattern was shown in 

Fig.2. 

Linear aspects of drainage network: In this chapter, stream 

order, stream number, basin length, average basin width, 

stream length, mean stream length, bifurcation ratio and 

stream length ratio were analysed. After analysis it was found 

that, the micro-watershed was of 4th order trunk stream and 
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drainage pattern was dendritic which indicates the 

homogeneity in texture and lack of structural control. 

Maximum length and basin width of micro-watershed was 

found to be 4.40 km and 2.20 km respectively. The number of 

streams for 1st, 2nd, 3rd and 4th order streams were found to 

be 31, 14, 4 and 1 respectively. The values of cumulative 

stream length for 1st, 2nd, 3rd and 4th order streams were 

found to be 7.80, 8.60, 2.88 and 3.35 km respectively (Table 

2). The stream length of different orders and respective mean 

stream lengths were found out by digitizing the stream 

networks using ArcGIS software. 

 
Table 2: Stream order and its mean stream lengths of Yarehalli 

micro-watershed 
 

Parameters 
Stream order (U) 

Total 
I II III IV 

No. of streams 31 14 4 1 50 

Cumulative stream length,(km) 7.80 8.60 2.88 3.35 22.63 

Mean stream length, (km) 0.25 0.61 0.72 3.35 4.93 

 

The other important properties of linear aspects of drainage 

network is bifurcation ratio (Rb), which reflects about 

geological and tectonic characteristics of the watershed. The 

bifurcation ratio (Rb) values of 1st to 2nd, 2nd to 3rdand 3nd 

to 4th stream was found to be 2.21, 3.50 and 4.00 respectively 

(Table 3). The mean value of bifurcation ratio was found to be 

3.23. Thus, the bifurcation ratio value was low indicates that, 

micro-watershed had suffered less structural disturbance and 

drainage pattern had not been distorted by structural 

disturbance (Nag, 1998) [11]. The values of stream length ratio 

(RL) for 2nd to 1st, 3rd to 2ndand 4th to 3rd order streams 

were found to be 2.44, 1.17 and 4.65 respectively (Table 3). 

Change in stream length ratio from one order to another order 

indicating their late youth stage of geomorphic development 

(Singh and Singh 1997) [15]. The variation in stream length 

ratio was due to change in slope and topography. 

 
Table 3: Bifurcation ratio and stream length ratio of Yarehalli 

micro-watershed 
 

Stream order Bifurcation ratio Stream length ratio 

(U) (Rb) (RL) 

I 2.21 - 

II 3.50 2.44 

III 4.00 1.18 

IV - 4.65 

Mean 3.23 2.75 

 

Aerial aspects of drainage network: Aerial aspects of 

drainage network include measurement of aerial elements viz., 

drainage area, form factor, drainage density, drainage texture, 

stream frequency, circulatory ratio, elongation ratio and 

length of overland flows were represented in a systematic 

way. From the study it was revealed that, the value of form 

factor (Rf) was found to be 0.50 (Table 4). Since the value of 

form factor was less than 0.78, it indicates an elongated shape 

of the micro-watershed (Horton, 1932). An elongated basin 

with low form factor shows flatter peak flow for longer 

duration (Mahadevaswamy et al., 2011) [8]. 

The value of drainage density (Dd) was found to be 2.31 km 

km-2 (Table 4) which falls in the range of 2.0 to 2.5 km km-2 

and indicated that the region is having permeable subsoil 

material and good vegetation cover (Mallik et al., 2011) [9]. 

The value of drainage texture (Dt) was found to be 5.00 km-1 

(Table 4), which indicates about the Moderate drainage 

texture of the micro-watershed (Smith, 1950) [16]. The value of 

texture ratio is 3.1 which indicates, the rocks which are hard 

and with vegetative cover produce coarse texture Nikhil Raj 

(2012). 

The value of stream frequency was found to be 5.11 km-2 

(Table 4) which indicates the watershed is having 

impermeable subsurface material and sparse vegetation 

(Malik et al., 2011). Circulatory ratio (Rc) and elongation 

ratio (Re) were found to be 1.22 and 0.80 respectively (Table 

4). The greater circularity ratio than elongation ratio results in 

circularity formation of watershed than elongation watershed. 

In the present study, the value of Circulatory ratio (1.22) 

indicates circular shaped micro-watershed. 

The length of over land flow is the length of water over the 

ground before it gets concentrated into definite stream 

channels and is equal to half of drainage density (Horton, 

1945) [5]. Length of overland flow relates inversely to the 

average channel slope. In the present study, the lower values 

of length of overland flow due to low drainage density and 

which confirm with Horton’s (1945) [5]. 

 
Table 4: Aerial aspects of Devanayakanahalli micro-watershed 

 

Sl. No. Aerial aspects Value 

1 Drainage area (A), ha 977 

2 Form factor (Rf) 0.50 

3 Drainage density (Dd), km km-2 2.31 

4 Drainage texture (Dt), km-1 5.00 

5 Texture ratio (Rt) 3.10 

6 Stream frequency (F), km-2 5.11 

7 Circulatory ratio (Rc) 1.22 

8 Elongation ratio (Re) 0.80 

9 Length of overland flow (Lg), km 0.21 

 

Relief aspects of drainage network: Relief aspects of 

drainage network for Yarehalli micro-watershed were 

calculated and represented in the Table 5. The estimated value 

of Maximum watershed relief (H), Relative relief (RR) and 

Relief ratio (Rr) were found to be152 m, 0.0152 and 0.034 

respectively. The lower value of relief ratio indicates a 

presence of basement rocks that were exposed in the form of 

small ridges and mounds with lower degree of slope (Praveen 

et al., 2012) [13]. Addition to these properties, ruggedness 

number value was computed and it was found to be 0.35. The 

lower value of ruggedness number indicates that, the area was 

less prone to soil erosion and had an intrinsic structural 

complexity in association with relief and drainage density 

(Guha, 2015) [2]. Time of concentration directly influences on 

runoff generation from the watershed. In the present study the 

time of concentration is is 45 min and it indicates more time is 

required for water to travel from the most distant part of 

watershed to its outlet. 

 
Table 5: Relief aspects of Devanayakanahalli micro-watershed 

 

Sl. No. Relief parameters Value 

1 Maximum watershed relief (H), m 152 

2 Relative relief (RR) 0.0152 

3 Relief ratio (Rr) 0.034 

4 Ruggedness number (Rn) 0.35 

5 Time of concentration (Tc), min 45 

 

Conclusion 

From the study it was revealed that, Yarehalli micro-

watershed had 4th order trunk stream and drainage pattern 

was dendritic which indicates the homogeneity in texture and 

lack of structural control. The values of drainage density and 

drainage texture were found to be 2.31 km km-2, 5.00 km-1 

http://www.chemijournal.com/
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and 3.1 respectively and these values indicates that micro-

watershed has permeable sub soil geology and good 

vegetation cover. From the relief aspect it was found that, 

time of concentration is 45 min. It indicates more time is 

required for water to travel from the most distant part of 

micro-watershed to outlet and leads to low runoff due to 

permeable soils and gentle slope in study area. 

The use of GIS can make the cumbersome geomorphological 

analysis as an easy task as compared to traditional methods. It 

saves time and helpful in planning of resource conservation 

techniques in the watershed area for sustainable development. 

This study indicates that, systematic analysis of morphometric 

parameters using GIS can provide significant value in 

understanding basin hydrological characteristics for 

watershed planning and management. 
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