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ABSTRACT 

The morphometric analysis of Indrayani River in Parbhani district is carried out using Arc GIS and SOI 

Topographical map 56A/12 and 56A/16. For this purpose some basic parameters are measured including 

number of streams, length of streams, basin perimeter, basin length, elevation and other aerial parameters 

were calculated by using Arc Map (10.1) software. Total area of the subbasin is 199.74 km
2
. Geologically 

the study area is covered by Deccan volcanic basalts which are of upper Cretaceous to lower Eocene age. 

Quantitative analysis of drainage network shows that the dendritic to sub dendritic drainage pattern is 

developed in the sub-basin. Bifurcation ratio of watershed ranged from 3.00 to 4.45 and it is not affected 

by any structural control. Drainage texture in the investigated area indicates massive and resistant rocks 

cause coarse texture. The morphometric analysis is useful in signifying the sites for artificial recharge 

structures for implication of hydrology.  
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INTRODUCTION 

The morphometric analysis of the drainage basin and channel network play a vital role in order to 

understand the hydrogeological behavior of drainage basin and expresses the prevailing climate, geology, 

geomorphology and structure etc. The relationship between various drainage parameters and the aforesaid 

factors are well recognized by Horton, (1945), Strahler (1957), Melton (1957), Babar (2005) and Jadhav 

and Babar (2013). Recently many researchers have used remote sensing data and GIS generated more 

precise data on morphometric parameters (Satyanarayana, 1991; Srinivasa et al., 1997; Babar, 2001; 

Babar, 2002; Babar, 2005a; Babar et al., 2010; Muley et al., 2010 a and b; Babar and Shah, 2011; Babar 

et al., 2011) and concluded that remote sensing has emerged as a powerful tool and useful in analyzing 

the drainage morphometry. The objective of the present study is to analyze the morphometric attributes of 

Indrayani river basin. 

Geographical Informational system (GIS) is a computer-assisted system designed to capture, store, edit, 

display and plot geographically referenced data. It has the capability to make quick and unbiased 

decision, which includes distance, directions, adjacency, relative locations and other spatial concepts. 

The study area, Indrayani river subbasin (Figure 1) in Parbhani district is bounded by latitude of 19
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56 A/12 and 56 A/16. It is a tributary stream of Godavari river and covers an area of 199.74 sq km in 

Parbhani tahsil. 

 

MATERIALS AND METHODS 

Methodology 

The present area is studied from the point of view of quantitative geomorphology using the toposheet 

maps No. 56 A/12 and 56 A/16 on the scale 1: 50,000 supplemented with IRS-P6 LISS-IV satellite 

imagery (FCC-geocoded) on the scale 1: 50,000. The detailed morphometric analysis is carried out in 

order to understand the drainage pattern, nature of topographic contour, basin shape, spot heights, slopes 

and altitude.  

The morphometric analysis of the Indrayani river was carried out from the study of drainage network and 

contour pattern using the survey of India topographical maps on 1: 50,000 scale. The stream ordering was 

done by following the method of (Strahler, 1952). The smallest unbranched stream segment was 
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designated as the first order stream, the one formed by the merging of two such first order stream 

segments was designated as the second order and so on stream segments of each order were counted and 

the lengths of various stream segments were measured order wise using the ARC GIS 10.1 Software. 

Total lengths for each order were computed (Table 1). The area of the drainage basin is measured in the 

GIS environment. 

 

 
Figure 1: Location and Drainage map of Indrayani river watershed 

  

The relief (gradient) of the Indrayani river was determined from the total drop in elevation from the 

source to the mouth of the river (Stream) and the horizontal distances between these along the river 

course. Longitudinal profile is drawn from these data. The study of altitude distribution of ground surface 

of the watershed was carried out. For this purpose the height of the contour above the base level of mouth 

of stream is determined and the area enclosed between a contour within the river and the boundary is 

measured using GIS. 

Geology 

Geologically, the entire study area (watershed) in Parbhani district is covered by Deccan Basalt 

formations (Figure 2) comprising nearly horizontal lava flows. These flows have been considered to be a 

result of fissure type of lava eruption during late Cretaceous to early Eocene period. The types of basalt 

occurring in the area are compact basalt, vesicular-amygdaloidal basalt and red bole beds (Tachylitic 

bands) as observed in the well sections. The Deccan Basalt in this area has been assigned to Ajanta 

formations which are stratigraphic equivalents of Upper Ratangad formations of Western Maharashtra 

comprising compound flows Godbole et al., (1996). 

As the basalts are formed by cooling and solidification of the lava, they contain gas cavities and also 

joints which are the contraction cracks developed during cooling of the lava. But all the basalt flows do 

not contain gas cavities and joints and therefore on the basis of presence or absence of gas cavities, basalt 

flows are grouped into two categories:  

i) Vesicular amygdaloidal basalt (Pahoehoe type). 

ii) Nonvesicular or compact basalt (aa type). 
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The two basalt flows have distinct field characters which are described below:  

Vesicular-amygdaloidal basalt (compound Pahoehoe) flows are formed by the outpouring of 

comparatively viscous lava in small quantities through a large number of outlets Gupte (1971) and 

Kulkarni et al., (1980). Therefore, amygdaloidal basalt flows have small sizes having irregular forms and 

limited lateral extent. The vesicles are filled with secondary minerals like zeolites, calcite, silica, 

chlorophaeite etc.  

The top surface of amygdaloidal basalt flow is generally reddish in colour. These are also called ropy 

laves occurring at top. 

Compact basalt (aa) flows are thick and extensive having tabular form. In compact basalt flows there is 

variation in the field characters from its top to bottom. The top surface of compact basalt flow is rather 

undulating, up to some thickness is hydrothermally altered, purple or greenish coloured and vesicular. 

The middle and lower portions of compact basalt flows are free from vesicles and amygdules and they 

occur in true senses as compact basalt. Joints, which are contraction cracks developed during cooling and 

solidification of the lava, always occur in middle and lower portions of the flow. There is variation in the 

pattern of jointing and joint spacing. Three types of joints found are closely spaced, broadly spaced and 

inconsistent non interconnected joints. 

Murthy and Jayaram (1996) observed seven basalt flows at Hadgaon (Parbhani district) between the 

elevations of 503 to 385m above msl. The flows vary in average thickness about 18m. 

Morphometrc Analysis 

The main task before geomorphologists is to use an ideal unit of the earth surface for the study of its 

landforms. The search for an ideal areal unit, within which the collection, processing, organisation and 

interpretation of data of the geometry of landforms, particularly of erosional origin is the aim of earlier 

researches (Iqbaluddin et al., 1997; Babar and Kaplay, 1998; Shah and Babar, 2009; Babar et al., 2012; 

Babar and Hasan, 2012; Jadhav and Babar 2013). 

The drainage network of streams of Indrayani river (Figure1) shows dendritic to subdendritic and sub 

parallel. 

The dendrite drainage pattern is the network of streams of various orders and magnitudes joining the 

trunk master streams and resembles the branches of a tree. The development of dendritic to sub dendritic 

drainage in the watershed indicates the area of massive rock types, gently sloping to almost horizontal 

terrain and low relief. 

The sub parallel drainage pattern shows relatively less parallelism than the basic parallel pattern (Zernitz, 

1932). In Figure 1 the streams show the sub parallel type of drainage pattern. It has been suggested that 

the parallel drainage in Deccan Basalt terrain is initiated due to the step like nature of the Deccan traps 

which is joined by subsequent lateral ravines giving a sub-parallel pattern (Dhokarikar, 1991). 

The morphometric analysis include the assessment of various parameters like bifurcation ratio, length and 

area ratios, basin configurations, drainage density, stream frequency, length of overland flow and relief 

aspects (Channel gradient, relief ratio, ruggedness number and hypsometric integrals) of the Indrayani 

river. 

A. Bifurcation Ratio 

The first step in morphometric analysis of subbasin is stream order following the method (Strahler, 1957). 

Accordingly the Indrayani river stream is of fifth order. The ratio of number of stream segments of a 

given order (Nu) and the number of stream segments of next higher order (Nu + 1) is known as the 

bifurcation ratio (Rb). The values of bifurcation ratios are between 3.0 and 4.45 (Table 1) indicating that 

the geological structures do not distort the drainage system (Strahler, 1964). 

B. Length Ratio 

The lengths of the various stream segments were measured order wise and the total lengths as well as the 

mean stream length for each order were, computed. The length ratio, which is the ratio of the mean length 

of the streams of a given order to the mean length of the streams of the next lower order, was then 

calculated for each pair of order (Table 1). The length ratio values found for the watershed are 0.48 to 

0.57 indicating the subbasin is with normal development of basin and no structural disturbances. 
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C. Basin Configuration 

For determining the shape of the drainage basin, a quantitative study of the watershed is made using 

following three dimensionless ratios: 

The form factor (F) suggested by Horton (1932) and Strahler (1968) is the ratio of the basin area to the 

square of the basin length and the value is 0.30 (Table 2). 

The circularity ratio (Miller, 1953) is the ratio of the area of the basin to the area of a circle having the 

same circumference as the perimeter of the basin. The obtained value is 0.51. 

Elongation ratio (Schumm, 1956) is the ratio between the diameter of a circle of the same area as the 

drainage basin and the maximum length of the basin. The value thus obtained is 0.61. 

 

Table 1: Linear aspects of the Indrayani river in Parbhani district 

Stream order 

No. of 

streams 

Bifurcation 

Ratio 

Stream length 

(Km) Mean stream length 

Length 

Ratio 

1 222   178.05 0.80 

     4.35 

  

0.55 

2 51   73.96 1.45 

     4.45 

  

0.57 

3 11   28.11 2.56 

     3.67 

  

0.52 

4 3   14.68 4.89 

     3.00 

  

0.48 

5 1   10.18 10.18 

   

The values of circularity ratio and elongation ratio indicate that the basin is moderately circular and 

somewhat elongated. The circularity ratio is a significant ratio, which indicates the stages of dissection in 

the study region. Its value (0.51) can be correlated with the youth stage of the cycle of the erosional 

development. In comparison with (Strahler 1964) the value of elongation ratio (0.61) suggests that the 

basin is associated with strong relief and steep ground slope. 

D. Drainage Density 

Drainage density is defined as the length of streams per unite area (Horton 1932) and is obtained by 

dividing the total channel segment lengths (L) by the total area of the basin (A). The drainage density 

obtained is 1.53 km/km
2
 which is moderate value and indicate the subbasin of high rate of precipitation 

and gently sloping to nearly level terrain. 

 

Table 2: Aerial aspects of the Indrayani River in Parbhani district 
Sr. No. Basin Configuration Parameters Indrayani river 

1 Total stream length-L (Km) 304.98 

2 Total basin area-A (Km
2
) 199.74 

3 Total no. stream-(N) 286 

4 Basin perimeter-P (Km) 69.96 

5 Maximum basin length - MBL(Km) 26.01 

6 Form factor-F 0.30 

7 Elongation ratio-E 0.61 

8 Circularity ratio-Rc 0.51 

9 Drainage density (Km/Km
2
) 1.53 

10 Stream frequency-(Streams/Km
2
) 1.43 

11 Highest point on the basin perimeter (m) 519 

12 Height of the basin mouth (m) 371 

13 Maximum basin relief (H) meters 148 

14 Relif ratio – H/MBL 0.006 

15 Length of overland flow (L) Km. 0.33 

16 Infiltration Number 1.07 

17 % Hypsometric Integrals 36.23 

18 Compactness Ratio (K= 4 πA/P
2
) 0.51 
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E. Stream Frequency  

The stream frequency (Fs) refers to the number of streams per unit area (Horton 1945) and is calculated 

by dividing the total number of streams (N) by the drainage basin area (A). The stream frequency thus 
obtained is 1.43 streams/km

2
. 

The factors affecting the drainage density and stream frequency are the erodibility of the rock and 

climate. Moderately higher values of drainage density and stream frequency as compared to Purna river 

basin (Babar 1998) reveals that the Indrayani river watershed belongs to the region of high rate of 
precipitation and gently sloping terrain. 

F. Relief (Gradient) Aspects of Subbasin 

„Charnel gradient‟ refereed to Strahler (1964) the total drop in elevation from the source to the month is 

found out for the watershed and the horizontal distances are measured along its length. The value of 

gradient from this is 5.69 m/km. The contour map of the Indrayani river is obtained from the GIS 
Software (Figure 2). 

The „Maximum basin relief‟ is the elevation difference between basin mouth and the highest point on the 

basin perimeter. The calculated value of maximum basin relief is 148m. Using the relief (H), a ‘relief 

ratio’ is computed as suggested by Schumm (1956), by dividing the relief by maximum measured length 
of the drainage basin. The value of relief ratio is 0.006. 

 ‘Ruggedness number’ (Strahler, 1968) is the product of the basin relief and the drainage density where 

both terms are in the same unit. The calculated value is 0.23.  

The ‘Slope of the ground surface’ (Sg) from water divide to stream is obtained by the equation Sg = H x 
2D and the value obtained is 0.45 m/km. 

The relief measures for Indrayani river watershed are higher i.e. maximum basin relief of 148 m, relief 

ration of 0.006, ruggedness number 0.23 and slope of the ground surface 0.45 m/km all indicating that the 

basin lies within hilly terrain and has youth stage of erosional development. The ruggedness number is 
also indicative of a region of moderate to gently sloping relief. 

G. Hypsometric Integral 

In the present study of (percentage hypsometric integral method) two ratios are computed from map 

measurements of contour map. First one is a/A where, ‘a’ is the area enclosed between a given contour 

within the basin and basin boundary and A is the total area of the basin. The second ratio is h/H, where, h 

is the height of the contour above the base level of the stream mouth and H is the total height of the basin 

with reference to the same base. The graph of a/A versus h/H is plotted for the sub-basin (Figure 3). The 

area below the respective curves is measured and its proportion (in percentage) with reference to the total 

area of the graph is calculated. The hypsometric data thus obtained for Indrayani river sub-basin is given 
in Table 3. 

 

Table 3: Hypsometric data of Indrayani river subbasin 

CONTOUR a a/A h h/H 

500 0.3 0.002 125 0.87 

480 1.13 0.006 105 0.73 

460 6.71 0.034 85 0.59 

440 53.89 0.270 65 0.45 

420 125.44 0.629 45 0.31 

400 185.1 0.929 25 0.17 

380 199.34 1.000 5 0.03 

a = the area enclosed between a given contour within the basin and basin boundary 

h = the height of the contour above the base level of the stream mouth 

 A = Total area of the basin  H = Total height of the basin 
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Figure 2: Contour map of Indrayani river basin 

 

 
Figure 3: hypsometric curve of Indrayani river subbasin 
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RESULTS AND DISCUSSION 

Discussion 

The present paper deals with the discussion on the results of the research work carried out in Indrayani 

river watershed. It covers the discussion on the aspects of geology, geomorphology and hydrogeology. In 

geology the field characters of basalt flows and structural features of the area are discussed. 

Geomorphology deals with reference to the parameters of drainage, morphometric attributes and relief 

features of the watershed.  

The drainage network of the area (Figure 1) shows dendritic to sub-dendritic pattern with minor localized 

variations. The dendritic to sub dendritic drainage pattern occurs over the main basaltic terrain with gentle 

slopes.  

Bifurcation ratios in general have a range from about 2.0 for flat or rolling areas to 3.0 to 5.0 for 

mountainous, hilly and highly dissected basins (Horton, 1945). Bifurcation ratio registers very small 

variation from region to region irrespective of structural control (Singh, 1984). Strahler (1964) found that 

bifurcation ratio characteristically ranges between 2.0 and 5.0 in watersheds in which the geological 

structures do not distort the drainage basin. Bifurcation ratios of Indrayani river ranges from 3.0 to 4.45 

(Table 1) suggesting the apparently minimal structural control in drainage development. The values of 

stream length ratios are relatively low (between 0.48 and 0.57, Table 1). The slightly higher values of 

bifurcation ratio for the lower order streams would mean that the stream has rapid networking of lower 

order streams resulting in the decrease in mean stream length. This is borne out by the lower values of 

stream length ratios, which suggests that the area is fairly well dissected and may have gently sloping 

river valley (Babar, 2005b). 

The values of form factor (0.30), circularity ratio (0.51) and elongation ratio (0.61) (Table 2) indicates 

that the watershed is elongated and is in the late mature stage of erosional development. The lower values 

of drainage density and stream frequency are characteristic of regions of competent and permeable 

subsurface materials with gently sloping to nearly level terrain relief (Strahler, 1964). In the study area the 

drainage density (Dd) and stream frequency (Fs) are somewhat lower i.e. Dd = 1.53 km/km
2
 and Fs = 

1.43 streams/km
2
, Table 2) which correspond to the rocky, hilly terrain of the subbasin with sparse 

vegetation and impermeable subsurface rocks.  

The length of overland flow is low for the watershed (0.33 km) indicating the less amount of water is to 

be run before concentrated in the stream channel. Melton (1957) related it with runoff process and 

concentration of time  

The relief measures of the watershed are higher i.e. maximum basin relief is 148m, channel gradient 5.69 

m/km, relief ratio 0.006 and ruggedness number 0.23 (Table 2), which also reflect the fact that the 

watershed lie within hilly terrain. These relief measures also show that the subbasin has early maturity 

stage of erosional development. 

In the present study hydrological characters of two distinct lava flows are discussed viz. compact basalt 

(aa type) and vesicular-amygdaloidal basalt (pahoehoe type) flow. The hydrogeological characters of 

compact basalt flow depend on the jointing and joint pattern. If the rock is highly jointed/ fractured the 

water can percolate through these joints and forming the good aquifers. The compact basalt with non-

interconnected joints do not hold the water and therefore, are not better aquifers. 

The fresh amygdaloidal or vesicular flow is usually free from joints and act as water tight mass. The 

vesicular – amygdaloidal unit is more susceptible to weathering and exhibits deep weathering profiles. It 

is also characterised by sheet joints. Such sheet joints and deep weathering are responsible for these units 

as good aquifers. Drainage texture in the investigated area indicates massive and resistant rocks cause 

coarse texture. The morphometry is useful in signifying the construction sites for artificial recharging 

structures for implication of hydrology.  

Conclusion 

The Indrayani river stream is a fifth order stream with dendritic, sub-parallel and dendritic with radial-

annular enclave drainage pattern. Bifurcation ratio, length ratio and area ratio of streams of the watershed 

indicate that there is no structural or tectonic control on the drainage development. Morphometric 
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attributes like form factor, circularity ratio and elongation ratio reflects the early mature stage of erosional 

development. Relief measures also conform the fact that watershed is in early mature stage of erosional 

development. Slope, channel gradient and ruggedness number is indicative of region with moderate to 

high relief. The area of Indrayani river subbasin belongs to Deccan Basalt of Late Cretaceous to Early 

Eocene period. Field characters of basalt revealed that there are two types of basalt flows viz., vesicular 

amygdaloidal basalt flow (Pahoehoe type) and compact basalt flow (aa type). Weathered, sheet jointed 

amygdaloidal basalt and highly jointed compact basalt form the good aquifers. Compact basalt with non-

interconnected and inconsistent joints and unweathered amygdaloidal basalt (free from joints) are poor 

and less yielding aquifers.  
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