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Abstract— Remote sensing and geographical information 

system has proved to be very effective tool in delineation of 

drainage pattern. GIS and image processing techniques have 

been adopted for the identification of morphological features 

and analyzing their properties of the Narnada River Basin 

near Indira sagar area in Madhya Pradesh state, India. 

Narmada River is known as the “Life line of Madhya 

Pradesh” which flows through the Indira sagar area. The 

present study aims to analyze the drainage morphometry of 

the Indira sagar basin and its significance in the basin 

characteristics. Morphometric parameters such as linear and 

aerial aspects of the river basin were determined and 

computed using ArcGIS 10.2 software. Narmada River is 

the 6th order basin and it‟s drainage pattern mainly in sub-

dendritic to dendritic type. The various parameters 

considered in this study are stream order, stream number, 

mean stream length, bifurcation ratio, drainage density, 

stream frequency, elongation ratio, and circulatory ratio and 

form factor.  It is observed that the drainage density value is 

low which indicates the basin is highly permeable subsoil. 
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I. INTRODUCTION 

In the Greek language, “morphe” means shape or form and 

“metria” means measurement. Hence the term 

„morphometry‟ literally means measurement of forms. 

Drainage basins or basins should be the study area 

for the better understanding of the hydrologic system. 

Morphometric analysis of drainage in an area provides 

valuable guidance in understanding the significance of 

drainage morphometry on landforms and their 

characteristics (Biswas et al., 1999 and Khan et al., 2001). 

The basin morphomatric characteristics of the various basins 

have been studied by many scientists using conventional 

(Horton, 1945; Smith, 1950; Strahler, 1957) and remote 

sensing and GIS methods (Krishnamurthy and Srinivas, 

1995; Srivastava and Mitra, 1995; Agarwal, 1998; Biswas et 

al., 1999; Narendra and Nageswara Rao, 2006). The 

conventional methods such as field observations and 

topographic maps are used for identification of the drainage 

system in an area for many years. But it is very difficult to 

explore all the drainage networks by field observations due 

to their extent throughout a broad area. In recent years an 

advanced method using Remote Sensing and GIS techniques 

are developed for morphometric analysis. Remote sensing 

and GIS has effective tools to overcome most of the 

problems of land and water resources planning and 

management on the account of usage of conventional 

methods of data process. The main objective of this study is 

to compute basin morphometric characteristics for various 

parameters using advanced remote sensing and GIS 

technology. 

II. STUDY AREA 

The present study area, Indira Sagar region is situated near 

Punasa 60km away from khandwa town in Madhya Pradesh 

state, India. . Indira sagar is situated on banks of the sacred 

river Narmada. It is the fifth longest river in the Indian 

subcontinent. Study region occupies an area of 

approximately 545 sq. kilometers, spreading between the 

latitude 22° 10‟ 00” N to 22° 20‟ 00” N and longitude 76° 

15‟ 00” E to 76° 30‟ 00” E. This area is falling in the Survey 

of India toposheet No‟s 55 B/7 and 55 B/8 on a scale of 

1:50000.  

The study area is underlined by Deccan trap Basalt, 

Bagh beds/Lameta beds and Vindhyan super group. The 

dominant rocks in Deccan trap Basalt, Bagh beds/Lameta 

beds and Vindhyan super group basalt are Basaltic flows 

and associated intensives, Sandstone, shale and limestone 

Quartzite, sandstone, siltstone and shale respectively. SOI 

toposheets of the study area are shown in fig.1. 

 
Fig. 1: study area in SOI toposheets 

III. MATERIALS AND METHODS 

As reference and base map preparation, two SOI toposheets 

on 1:50000 scales in paper format were used. Firstly, SOI 

toposheets were mosaicked and then they are geometrically 

rectified and georeferenced to world space coordinate 

system in ArcGIS Software. Digitization work has been 

carried out for entire analysis of basin morphometry using 

GIS software (ArcGIS ver: 10.2). The order was given to 

each stream by following Strahler (1964) stream ordering 

technique. The attributes were assigned to create the digital 

data base for drainage layer of the river basin. The map 

showing drainage pattern in the study area (Fig.2) was 
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prepared. Various morphometric parameters such as linear 

aspects of the drainage network: stream order (Nu), 

bifurcation ratio (Rb), stream length (Lu) and areal aspects 

of the drainage basin: drainage density (D), stream 

frequency (Fs), texture ratio (T), elongation ratio (Re), 

circularity ratio (Rc), form factor ratio (Rf) of the basin were 

computed. 

 
Fig. 2: showing the drainage pattern in the study area 

IV. RESULTS AND DISCUSSION 

The various morphometric parameters of the Indira sagar 

basin area were determined and are shown  in Tables 1 and 

2. 

A. Linear Aspects of the Channel System 

The linear aspects of drainage network such as stream order 

(Nu), bifurcation ratio (Rb), stream length (Lu) results have 

been presented in Table 1 . 

B. Stream Order (Nu) 

In the drainage basin analysis the first step is to determine 

the stream orders. In the present study, the channel 

segment of the drainage basin has been ranked according 

to Strahler‟s stream ordering system. According to 

Strahler (1964), the smallest fingertip tributaries are 

designated as order 1. Where two first order channels 

join, a channel segment of order 2 is formed; Where two 

of order 2 joins, a segment of order 3 is formed; And 

so forth. The trunk stream through which all discharge 

of water and sediment passes is therefore the stream 

segment of highest order. The study area is a 6
t h

 order 

drainage basin (Figure 2). The total number of 1967 

streams were identified of which 1314 are 1
st
 order 

streams, 440 are 2
nd

 order, 141 are 3
rd

 order, 64 in 4
th

 

order, 5 in 5
th

 order and 3 in 6
th

 order streams. Drainage 

patterns of stream network from the basin have been 

observed as mainly dendritic type which indicates the 

homogeneity in texture and lack of structural control. This 

pattern is characterized by a tree like or fern like pattern 

with branches that intersect primarily at acute angles. A 

parallel drainage pattern consists of tributaries that flow 

nearly parallel to one another and all the tributaries join 

the main channel at approximately the same angle. 

Parallel drainage suggest that the area has a gentle, 

uniform slopes and with less resistant bed rock. The 

properties of the stream networks are very important to 

study the landform making process (Strahler and 

Strahler, 2002). 

C. Bifurcation Ratio (Rb) 

Horton (1945) defined bifurcation ratio as the ratio of the 

number of streams of an order to the number of streams of 

the next higher order. The mean bifurcation ratio computed 

for the Indira sagar area is 4.555. The bifurcation ratio 

values obtained for the sub-basins range from 2.202 to 12.8. 

In a well-developed drainage network, the bifurcation ratio 

value ranges between 2 to 5 (Horton, 1945 and Strahler, 

1957). The bifurcation ratio values obtained for the sub-

basins and for the entire basin reveal that the drainage 

network in the study area is in a well-developed stage. 

River Basin 

Stream 

order 

(u) 

Number of 

streams 

(Nu) 

Total 

length of 

streams in 

km (Lu) 

Log 

Nu 

Log 

Lu 

Bifurcation 

ratio (Rb) 

Rb = Nu 

/(Nu+1) 

Mean 

bifurcation 

ratio 

Narmada 

basin near 

Indira sagar 

area 

1 1314 657.112 3.118 2.817 2.986 

4.555 

2 440 253.168 2.643 2.403 3.120 

3 141 121.065 2.149 2.083 2.203 

4 64 72.079 1.806 1.857 12.8 

5 5 5.355 0.698 0.728 1.666 

6 3 39.880 0.477 1.6 - 

Table 1: Linear aspects of the drainage network of the     study area 

Morphometric parametres Symbol / Formula  
Area (sq. km) A 545 

Perimeter (km) P 88.681 

Drainage density (km/sq. km) D = L/A 2.107 

Stream frequency Fs = N/A 3.609 

Texture ratio T = N1/P 14.817 

Basin length (km) Lb 28.837 

Elongation ratio Re =   √         b 0.913 
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Circularity ratio Rc = 4πA / P² 0.870 

Form factor ratio Rf = A/ (Lb)² 0.655 

Table 2: Aerial aspects of the study area 

Where  

L =  Total stream length of all orders    

N = Total no. of streams of all orders  

N1= Total no. of 1
st 

order streams 

П = 3.14 

D. Areal Aspects of the Drainage Basin 

Area of a basin (A) and perimeter (P) are the important 

parameters in quantitative morphology. The area of the 

basin is defined as the total area projected upon a horizontal 

plane contributing to cumulate of all order of basins. 

Perimeter is the length of the boundary of the basin which 

can be drawn from topographical maps. Basin area is 

hydrologically important because it directly affects the size 

of the storm hydrograph and the magnitudes of peak and 

mean runoff. It is interesting that the maximum flood 

discharge per unit area is inversely related to size (Chorley, 

et al., 1957). The aerial aspects of the drainage basin such as 

drainage density (D), stream frequency (Fs), texture ratio 

(T), elongation ratio (Re), circularity ratio (Rc) and form 

factor ratio (Rf) were calculated and results have been given 

in Table 2. 

E. Drainage Density (D) 

Horton (1932), introduced the drainage density (D) is an 

important indicator of the linear scale of landform elements 

in streameroded topography. It is the ratio of total channel 

segment lengths cumulated for all orders within a basin to 

the basin area, which is expressed in terms of mi/sq. mi or 

km/sq. km. The drainage density indicates the closeness of 

spacing of channels, thus providing a quantitative measure 

of the average length of stream channel for the whole basin. 

It has been observed from drainage density measurements 

made over a wide range of geologic and climatic types that a 

low drainage density is more likely to occur in regions of 

highly resistant of highly permeable subsoil material 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. Low drainage density leads to coarse drainage texture 

while high drainage density leads to fine drainage texture 

(Strahaler, 1964). 

The drainage density of the study area is 2.107 km/ 

sq.km. This value indicates that for every square kilometer 

of the basin, there is 2.107 kilometer of stream channel. The 

classification system of Deju (1971) was used to express the 

drainage system. The drainage density is less than 0.5 per 

km for poorly drained basins and 0.5 to 1.5 per km for 

medium drained and more than 1.5 per km for excellent 

drainage type of basins. 

F. Stream Frequency (Fs) 

Stream frequency or channel frequency (Fs) is the total 

number of stream segments of all orders per unit area 

(Horton, 1932). The stream frequency value of the basin is 

3.609. The value of stream frequency (Fs) for the basin 

exhibit positive correlation with the drainage density value 

of the area indicating the increase in stream population with 

respect to increase in drainage density. 

G. Texture Ratio (T) 

Texture ratio (T) is an important factor in the drainage 

morphometric analysis which is depending on the 

underlying lithology, infiltration capacity and relief aspect 

of the terrain. In the present study the texture ratio of the 

basin is 14.817 and categorized as fine in nature. 

H. Elongation Ratio (Re) 

Schumm (1956) used an elongation ratio (Re) defined as the 

ratio of diameter of a circle of the same area as the basin to 

the maximum basin length. It is a very significant index in 

the analysis of basin shape which helps to give an idea about 

the hydrological character of a drainage basin. Values near 

to 1.0 are typical of regions of very low relief (Strahler, 

1964). The value Re of the study area is 0.913 indicates that 

the low relief of the terrain and elongated in shape. 

I. Circularity Ratio (Rc) 

Miller (1953) defined a dimensionless circularity ratio (Rc) 

as the ratio of basin area to the area of circle having the 

same perimeter as the basin. He described the basin of the 

circularity ratios range 0.8 to 0.9 which indicates strongly 

elongated and highly permeable homogenous geologic 

materials. The circularity ratio value (0.870) of the basin 

corroborates the Miller‟s range which indicating that the 

basin is oval in shape. 

J. Form Factor Ratio (Rf) 

Quantitative expression of drainage basin outline form was 

made by Horton (1932) through a form factor ratio (Rf), 

which is the dimensionless ratio of basin area to the square 

of basin length. Basin shape may be indexed by simple 

dimensionless ratios of the basic measurements of area, 

perimeter and length (Singh, 1998). The form factor value of 

the basin   is 0.655 which indicate value of form factor and 

thus represents less elongated in shape. The elongated basin 

with low form factor indicates that the basin will have a 

flatter peak of flow for longer duration. Flood flows of such 

elongated basins are easier to manage than of the circular 

basin. 

V. CONCLUSIONS 

The quantitative analysis of morphometric parameters is 

found to be of immense utility in river basin evaluation, 

watershed prioritization for soil and water conservation, and 

natural resources management at micro level. The 

morphometric analysis carried out in the Narmada River 

basin shows that the basin is having low relief of the terrain 

and oval in shape. Drainage network of the basin exhibits as 

mainly dendritic type which indicates the homogeneity in 

texture and lack of structural control. In some parts of the 

basin, the dipping and jointing of the topography reveals 

parallel and pattern. The linear pattern of the graphical 

representation indicates the weathering erosional 

characteristics of the area under study. The morphometric 

parameters evaluated using GIS helped us to understand 

various terrain parameters such as nature of the bedrock, 

infiltration capacity, runoff, etc. 
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