
International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 10, Issue 2, 2014 pp 239-243 

Copyright © 2014, Statperson Publications, International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 10, Issue 2 2014 

Geomorphological Investigation of Kolamba Basin 

of Krishna River with the Help of GIS for Watershed 

Management 
 

R. A. Suryawanshi
*
,
 
R.V. Desai 

Department of Geology, Yashwantrao Chavan College of Science, Karad 415124, Maharashtra, INDIA. 

*Corresponding Address: 

ravianand55@gmail.com 

Research Article 
 

Abstract: Morphometric analysis helps to understand prevailing 

geo-hydrological characteristics of the drainage basin. In the 

present study, morphometric analysis has been carried out using 

Geographical Information System (GIS) techniques to assess the 

geo-hydrological characteristics of three sub-watersheds of major 

Kolamba basin area of Karad Taluka, of Satara district of 

Maharashtra. Spatial information technology that is, remote sensing 

(RS) coupled with geographical information system (GIS) has 

come out as an efficient tool in delineating drainage pattern and 

water resource management and its planning. The morphometric 

parameters of the watersheds are discussed with respect to linear, 

areal and relief aspects. The Kolamba watershed is characterized by 

dendritic drainage pattern. The various aspects of morphometric 

parameters such as, Drainage Density, Slope, Shape of the Basin, 

Bifurcation ratio, length ratios etc. along with the geological 

parameters gives the precise and objective overview about the 

watershed. This is the seasonal rain fed watershed, hence needs 

better management. Sustainable developments and management of 

the watershed is influenced by topography of the area and 

geomorphologic features.  

Keywords: Basalt, GIS, Morphometric parameters, Redbole, 

Remote Sensing. 
 

Introduction 
Since the geomorphology is the science of 

landforms, the study of the same is necessarily concerned 

with the lineal and spatial aspects of the landforms. The 

morphometric studies of river basin were first introduced 

by Horton (1932). Later it was developed by Coates 

(1958) and Strahler (1964). The morphometric analysis of 

Kolamba stream basin has been examined with the help 

of GIS techniques and remote sensing. The linear aspects 

of the drainage network morphometry incorporate stream 

order, stream length, drainage density, drainage 

frequency; bifurcation ratio, form factor and circulatory 

ratio carries inevitable significance in the analysis of river 

basin. Quantitative description of basin geometry, river 

characteristics, initial slope or inequalities in rock 

hardness, structural controls, recent diastrophism, 

geological and geomorphic history of the drainage basin 

can be understood by morphometric analysis. 
  

 

Study Area 
Kolamba watershed is sixth order stream 

covering an area of 88.693 km² lying between latitude 

17
0
15
ꞌ
N and 17

0
30
ꞌ
N and longitude 74

0
0ꞌE and 74

0
15ꞌE, is 

included with in the SOI topographic sheet no. 47 K/3 on 

the scale 1:50,000. Streams flows in NE-SW direction 

and meet to Krishna River near Konegaon. Kolamba 

stream rises from Khodjaiwadi about 920 meters above 

mean sea level. Important tributaries of Kolamba stream 

is Nigdi stream, Chikali stream and Antavadi stream. 

Conflunce of Nigadi and Chikali stream is near Masur 

village, which forms the Kolamba stream thereafter. 

Kolamba stream and Antavdi stream meet each other near 

village Konegaon. Kolamba watershed is situated in 

Satara district of Maharashtra. The climate of the area is 

tropical wet and dry with three distinct seasons. 

Temperature of Kolamba watershed varies in the range 

35
0
C to 45

0
C in summer and 10

0
C to 20

0
C. In monsoon 

area receives rain between periods of mid June to 

October. In Kolamba watershed rainfall is about 850 mm 

during monsoon.  

 
Figure 1: Location Map 

 

Geology of the Area 
The area is characterised by mainly 3 

physiographic zones like high ranges, intermontane valley 

and flood plains. High ranges include hills of elevation 

ranging from 785 to 920 m AMSL. This area is of rugged 
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topography with steep slopes angle more than 20
0
 to 65

0 

and at some places up to 90
0
. Intermontane valleys are 

occupied by colluvium formed by erosional processes. 

Flood plains with apparent alluvial thickness of more than 

5 m near village Konegaon. The landforms units are 

identified in the study are alluvial plains, floodplain, 

linear ridge and sloping terrain. Black cotton is major soil 

type of the area while yellowish and brown coloured soil 

is also occurred at some places, which is result of 

chemical weathering of underlying basalt. The Deccan 

volcanic province (DVP) is unique in the geology of India 

because of its prodigious volcanism and its pivotal role in 

the studies of volcanology. The Deccan volcanics have 

erupted close to Cretaceous – Tertiary (K/T) boundry at 

about 65 Ma (Duncun and Pyle, 1988). 500,000 sq.km 

area of western and central India today covered by basalt. 

Lower three flows of Basalt in the study area are fine 

grained, compact and massive, Top two flows at some 

places are highly fractured and jointed. Columnar joints 

are also observed near Vanyachivadi in upper most flow. 

The implacement of basalt is discontinuous process and 

quiescence periods have been recorded by many 

intrabasaltic bole beds, which are the product of 

weathering during major hiatus. Accorduing to Sayyed 

and Hundekari, Ghosh and et al., (2006), the bole beds 

occur as prominent horizons composed of fine grained 

earthy material having colours in shades of red to 

chocolate brown, green, purple grey. Red boles of study 

area occur in red to brown in colour (photo 1). Five red 

bole zones at 644 mt, 672 mt, 684 mt, 715 mt and 730 mt 

AMSL occur in this basin. Columnar joints are also 

observed in red bole soil near Antavadi (photo 2) 

 
Photo 1     Photo 2 

 

Materials and Methods 

For the preparation of base map SOI toposheet on 

1:50,000 scales of no 47K/3 were used. Drainage network 

was digitized and stream order was calculated using 

method proposed by Stahler (1964). Arc-GIS 9.3 software 

was used for computing all morphometric parameters. 

The first step in morphometric analysis of a drainage 

basin is the designation of stream orders. The Strahler 

system (1964) of stream orders based on a hierarchic 

ranking of streams has been used here.  
 

Result and Discussion 

Drainage network is a significant indicator of the process 

of landform development in a geographical unit. Horton 

(1932, 1945) stated that a drainage basin is ideal unit for 

understanding the geo-morphological and hydrological 

processes and for evaluating the runoff patterns of the 

streams. The various morphometric aspects of the 

Kolamba basin area were determined and are summarized 

in table 1 and 2. 
 

Linear Aspects 

The linear aspects of drainage network are stream order 

(Nu), bifurcation ratio (Rb), stream length (Lu). 
 

Stream order (Nu) 

The smallest recognizable stream is called as first 

order and these channels normally flow during wet season 

(Chow et al., 1988). The first order streams do not have 

any tributary. Where two first order channels join, a 

channel segment of order 2 is formed (Strahler 1964); 

where two of order two join, a segment of order 3 is 

formed; so forth. The trunk stream through which all 

discharge of water and sediments passes is therefore the 

stream segment of highest order. The number of stream 

segment decreases as the stream order increases, which 

follow Horton’s law of stream ordering. In Kolamba WS 

there are total 430, 130, 34, 7, 2 and 1 first, second, third, 

fourth, fifth and sixth order streams respectively. Nigdi 

sub basin is 4
th

 order stream and there are 156, 47, 11 and 

1 first, second, third and fourth order streams 

respectively. Chikhali sub basin is 5
th

 order stream which 

consist of first order 156, second order 47, third order 13, 

forth order 4 and fifth order 1 in number. Antavadi is 

third, fifth order sub-basin which is included in main 

Kolamba WS is consist of 124, 36, 10, 2, and 1 first, 

second, third, fourth and fifth order streams respectively. 

Dendritic drainage pattern of stream network indicates the 

homogeneity in texture, rock type and lack of structural 

control. This pattern is characterised by tree like pattern 

with branches that intersect primarily at acute angle. The 

properties of the stream networks are very important to 

study the landforms making process (Strahler and Strahler 

2002).  
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Figure 2: Drainage network 

 

Stream Length (Lu) 

Stream length is one of the most significant 

hydrological features of the basin as it reveals surface 

runoff characteristics. The stream length of river network 

has been measured with the help of GIS software. Total 

stream length has been decreases with increasing stream 

order. Accordingly Nigadi sub-basin has the total stream 

length about 112 km and 129.31 km total stream length 

in Chikhali sub-basin, while Antavadi sub-basin has the 

101.66 km total length. 6
th

 order stream length is only 

1.42 km. Smaller lengths are characteristics of areas with 

larger slopes and finer texture. Longer lengths of streams 

are generally indicative of flatter gradients. Plot of the 

logarithm of stream length versus stream order (fig 3, 4 

and 6) showed the linear pattern which indicates the 

homogenous rock material subjected to erosion-

weathering. Deviation from its general behaviour 

indicates that the terrain is characterised by variation in 

lithology and topography.  

 

 
 

Bifurcation ratio (Rb) 

The term bifurcation ratio is used to express the ratio of the number of streams of any order to the number of 

streams in the next highest order (Schumn 1956). Bifurcation ratio is an index of relief and dissection (Horton 1945). 

Bifurcation ratios of three sub-basins of the study area have been calculated. Mean bifurcation ratio of all orders ranges 

from 3.00 to 4.99, suggesting geologically homogenous basin and also geological structures do not distort the drainage 

pattern (Strahler, 1964). The bifurcation ratio is indicative of shape of the basin also. An elongated basin as Kolamba 

basin, likely to have high Rb, where as circular basin is likely to have low Rb. The average Rb calculated for three sub-

basins are given in table 1. 
 

Table 1: Linear aspects of the drainage network of the Kolamba Basin 

Sub-basin 
Stream 

order (u) 

No of 

segments (Nu) 

Total length of 

Streams in Km 

(Lu) 

Bifurcation 

Ratio (Rb) 

Mean 

Bifurcation 

ratio 

I 

NIGADI SUB-

BASIN 

1 156 66.21 3.31 

3.01 
2 47 26.53 4.27 

3 11 10.12 11 

4 1 9.13 1 

II 

CHIKHALI 

SUB-BASIN 

1 156 69.53 3.31 

3.04 

2 47 29.20 3.61 

3 13 16.70 3.25 

4 4 4.69 4 

5 1 9.12 1 

III 

ANTAVADI 

SUB-BASIN 

1 124 60.71 3.44 

4.90 

2 36 18.86 3.6 

3 10 10.91 5 

4 2 7.20 2 

5 1 3.95 1 

TOTAL 

KOLAMBA 

BASIN 

6th 611 344.80 - 3.09 
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Aerial Aspects  

Area (A) and perimeter (P) of a basin are two 

important parameters in quantitative morphometry. The 

area of the basin is defined as the total area projected 

upon a horizontal plane contributing to cumulate of all 

order of basin. Perimeter is the lengths of the boundary of 

the basin which can be drown from topographical maps. 

It is interesting that the maximum flood discharge per unit 

area is inversely related to size (Chorley, et al., 1957). 

The aerial aspects of drainage network are parameters 

like drainage density, texture ratio, stream frequency, 

form factor, circularity ratio, elongation ratio and length 

of the over land flow. 
 

Drainage Density (Dd)  

Horton (1932), introduced the term drainage 

density (Dd) is an important indicator of the linear scale 

of land form elements in stream eroded topography. It is 

the ratio of total channel segment lengths cumulated for 

all orders within a basin to the basin area. It is expressed 

in terms of km/sq.km. Drainage density indicates the 

closeness of spacing of channels. Average drainage 

density of three sub-basin of the study area is 3.88 km/sq. 

High drainage density is due to result of weak or 

impermeable subsurface materials, sparse vegetation and 

mountainous relief. The drainage densities have been 

calculated for all three sub-basins and are given in table 

2. As stated earlier the whole study area is covered by 

thick basaltic lava flows from 650 mt to almost 920 mt. 

Primary porosity of basaltic rock is very low (almost non 

porous) because of its compact and massive nature, while 

weathered and fractured basalt show relatively higher 

porosity up to 5-30%. However specific yield is only 1-

7%, which indicates poor interconnection between 

vesicles or fractures as shown by Wood (1960) for similar 

rocks in California, U.S.A. In the upper part of the study 

area hills of higher elevation is present, formation of high 

relief.  

Texture Ratio (Tu) 

According to Schumm (1965), texture ratio is 

important geomorphologic concepts which are depend on 

the channel spacing, underlying lithology, and infiltration 

capacity and relief aspects of the terrain. The texture ratio 

is expressed as the ratio between the first order streams 

and perimeter of the basin (Rt = Nl / P). In the present 

study, the texture ratio is 6.80 which represent moderate 

drainage texture. 

Stream Frequency (Df) 

Stream frequency is defined as the total number 

of streams in a drainage basin divided by the area of 

drainage basin (Horton, 1932). The stream frequency of 

the Nigadi, Chikhali and Antavadi basin are 7.17, 6.82 

and 6.69 respectively. The high values of Df indicates 

high relief area, greater surface run-off, homogeneity in 

rock and denser networks in the catchment area. 

Form Factor (Rf) 

Form factor is the dimensionless ratio of the 

basin area to the square of basin length (Horton, 1932), 

the Rf value of 0 indicates a highly elongated shape and 

the value of 1.0 indicates a circular shape with high peak 

flows for short duration but for elongated basin with low 

Rf with flatter peak flows for longer duration. The Rf 

values of Kolamba basin is 0.44 showing its circular 

shape.  

Circulatory ratio (Rc) 
Circulatory ratio is the ratio of basin area (A) and 

the area of a circle with the same perimeter as that of the 

basin (Miller, 1953, Strahler, 1964). The circulatory ratio 

of Kolamba sub-basins are range from 0.41 to 0.46. 

Average value of Rc is o.44 which indicates the basin is 

under influence of length and stream frequency, 

geological structures, climate, relief and slope of the 

basin.  

Elongation ratio (Re)  
Elongation ratio (Re) is the ratio between the 

diameter of the circle having the same area as that of the 

basin and the maximum length of the basin (Schumn, 

1956). The values of Re ranges from 0.6 to 1.0 due to 

variety of climatic and geologic types. The range from 0.6 

to 0.8 is usually associated with high relief and steep 

ground slopes. The Re for Kolamba basin is 0.75 that is 

indication of high relief mountainous area.  

 

Table 2: Arial aspects of the drainage network of the Kolamba Basin 

SUB-BASIN 

I 

NIGADI 

SUB-BASIN 

II 

CHIKHALI 

SUB-BASIN 

III 

ANTAVADI 

SUB-BASIN 

TOTAL 

KOLAMBA 

BASIN 

Basin Area (A) 29.97 32.35 25.84 88.69 

Perimeter (P) 33.12 29.64 33.12 44.40 

Basin Length (Lb) 14.17 12.88 11.14 14.18 

Drainage Densit (Dd) 3.73 3.99 3.93 3.88 

Texture Ratio (Tu) 6.49 7.45 6.48 6.80 

Stream Frequency (Df) 7.17 6.82 6.69 6.88 

Form Factor (Rf) 0.15 0.19 0.20 0.44 

Circulatory ratio (Rc) 0.41 0.46 0.45 0.56 

Elongation ratio (Re) 0.43 0.49 0.51 0.75 



International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 10, Issue 2, 2014 pp 239-243 

Copyright © 2014, Statperson Publications, International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 10, Issue 2 2014 

Conclusion  
Kolamba basin is in the Sahyadri range. This part 

of the area receiving high rainfall but after monsoon 

period it observes drought conditions. The water table is 

lowered very fast. The reasons for it are geological and 

geomorphological. The basaltic lava flows in the area are 

massive and compact with very low secondary 

permeability. The drainage density and stream length also 

indicates homogenous compact basalt. Drainage pattern is 

dendritic and streams join with acute angle indicates steep 

slopes and more runoff. Bifurcation ratio is in between 3 

– 4.99 suggesting homogenous nature of rock with no 

structural control,due to which permeability is very low. 

The red boles play an important role in ground water 

conditions in the area. The percolated water oozes out 

from the basalt and red bole contact in to basin which is 

not allowing to form a good aquifer. Thus for artificial 

recharge by fracturing basalt below red bole is necessary. 

Similarly construction of check dams is essential at the 

foot hills.  
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