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Abstract: In the present paper, an attempt has been made to study the detail Morphometric 
characteristics of the Gp4 sub watershed have study. The drainage map of the area was 
prepared from the Survey of India (SOI) top sheets. Watershed boundary, stream ordering 
have been prepared using spatial analysis Tools and slope-aspect, hill shade have prepared 
using Surface Analysis Tool in ArcGIS-10.1. Based on all morphometric parameters analysis; 
that the erosional development of the area by the streams has progressed well beyond 
maturity and that lithology has had an influence in the drainage development. These studies 
are very useful for planning rainwater harvesting and watershed management. 
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INTRODUCTION 

Water is a key driver of economic and social development and one of the fundamental 

elements in sustaining theintegrity of the natural environment. It is the major renewable 

resource amongst the various natural resources.Water being an indispensable constituent for 

all life supporting processes, its assessment, conservation,development and management is of 

great concern for all those who manage, facilitate and utilize. Water resources of India are 

quantitatively large but significantly divergent in their occurrence, distribution andutilization. 

The annual precipitation aggregated as 4000 km3 with utilizable resource of 1122 km3 (28%). 

Out ofwhich utilizable surface water resources are 690 km3 and ground water resources are 

432 km3. According toNational Commission for Integrated Water Resources Development, 

basins-wise average annual flow in IndianRiver systems is 1953 km3.  

Watershed is a natural hydrologic unit, considered as the most appropriate basis for sustainable 

integrated management of the land and water resources. Judicious management and 

conservation of soil and water resourceson watershed basis is perquisite for sustaining the 

productivity. Characterization and prioritization of watershedsare essential steps in the 

integrated management of land resources. Remote sensing using aerial and space borne 

sensors can be effectively used forwatershed characterization and assessing watershed priority, 

evaluating problems, potentials, management requirements and periodic monitoring. 

Participation of people is essential for the success of the watershed programs. Participatory 

watershed management is a process which aims to create a self-supporting system essential for 

sustainability. The concept of participatory watershed management emphasizes a multi-

disciplinary and multi-institutional approach (SeshagiriRao, 2000). For the successful planning 

and management of watershed, reliable information of spatial and non-spatial data is essential. 
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Fig.1 Location map of Study Area 

Study area and Methodology 

The study area GP4 is situated in Buldhana Districts of Maharashtra which is located between 

20°04′30” to 76°29’30” latitude and 19°46’30’’ to 76°28’00’’ longitude. The study area is 

covered by Survey of India (SOI) toposheet 55D/12 and 55D/8 on 1:50,000 scale. The maps 

were georeferenced and digitized using the Arc GIS 10.1 GIS software’s and attributes were 
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assigned to create the digital database. The order was assigned stream by following Strahler, 

(1964) stream ordering technique. The drainage basin characteristics help in deciphering and 

understanding the interrelated relief and slope properties. The previously mentioned DEM 

model is used to understand the detail nature of study area. 

Aims and objectives 

1. Preparation of Slope Map, Hill shades Map, DEM Map, and Aspect Map Topographic Model 

from SRTM 90m Resolution Data for Water conservation. 

2. Calculate the morphometric analysis using Arc GIS 10.00 version software and SRTM data.  

Database 

The data require for watershed management includes drainage, Slope Map, Hill shade Map, 

Aspect Map, etc. 

1. SOI Toposheet (55D/12 and 55D/8). 

2. ASTER SRTM DATA 90m Resolutions. 

RESULT AND DISCUSSION 

The morphometric analysis provides as quantitative description of the basin (Pamela Deb 

2012). The morphometric analysis defined as the measurements and mathematical analysis of 

the configuration of the earth surface, shape and dimension of its landforms (Reddy et al, 

2001). The analysis of various morphometric parameter of basins are given in this paper, which 

are calculated as per the mathematical expression as detailed in table.  

The stream orders are calculated as per the law of Strahlers (1964). In this analysis it is 

observed that higher no. of streams belonging to lower order and goes on decreasing with 

higher order. It is observed that more the no of streams in an area, more the soil erosion and 

poor soil development and vice versa. In the stream length , there are first order has higher  

stream length and seventh order has lower stream length from this lower order indicated that 

the area is high attitude zones which are characterized by steep slope and low ground water 

potential and vice versa.  

Drainage Network 

Stream Order (Su) 
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Stream ordering is the first step of quantitative analysis of the watershed. The stream ordering 

systems has first advocated by Horton (1945), but Strahler (1952) has proposed this ordering 

system with some modifications. Author has been carried out the stream ordering based on the 

method proposed by Strahler, Table 1. It has observed that the maximum frequency is in the 

case of first order streams. It has also noticed that there is a decrease in stream frequency as 

the stream order increases. 

Stream Number (Nu) 

              The total of order wise stream segments is known as stream number. Horton (1945) 

states that the numbers of stream segments of each order form an inverse geometric sequence 

with order number, Table 1. 

Stream Length (Lu) 

The total stream lengths of the GP-4 sub watershed have various orders, which have computed 

with the help of SOI topographical sheets and ArcGIS software. Horton's law of stream lengths 

supports the theory that geometrical similarity is preserved generally in watershed of 

increasing order (Strahler, 1964). Author has been computed the stream length based on the 

low proposed by Horton (1945), Table 1 

 

Fig.2 Stream order map of study area 
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Table 1: Stream Order, Streams Number, and Bifurcation Ratios of study area 

Su Nu Rb Nu-r Rb*Nu-r Rbwm 

I 368     
 
4.20 

II 85 4.32 453 1956.96 
III 21 4.04 106 428.24 
IV 6 3.5 27 94.5 
V 2 3 8 24 
VI 1 2 3 6 
Total 484 16.86 597 2509.7 

Mean  3.37   

Su: Stream order, Nu: Number of streams, Rb: Bifurcation ratios, Rbm: Mean bifurcation ratio*, 

Nu-r: Number of stream used in the ratio, Rbwm: Weighted mean bifurcation ratios. 

Mean Stream Length (Lum)  

Mean Stream length is a dimensional property revealing the characteristic size of components 

of a drainage network and its contributing watershed surfaces (Strahler, 1964). It is obtained by 

dividing the total length of stream of an order by total number of segments in the order. 

Stream Length Ratio (Lurm) 

Horton (1945, p.291) states that the length ratio is the ratio of the mean (Lu) of segments of 

order (So) to mean length of segments of the next lower order (Lu-1), which tends to be 

constant throughout the successive orders of a basin. His law of stream lengths refers that the 

mean stream lengths of stream segments of each of the successive orders of a watershed tend 

to approximate a direct geometric sequence in which the first term (stream length) is the 

average length of segments of the first order (Table 2). Changes of stream length ratio from one 

order to another order indicating their late youth stage of geomorphic development. 

Bifurcation Ratio (Rb) 

The bifurcation ratio is the ratio of the number of the stream segments of given order ‘Nu’ to 

the number of streams in the next higher order (Nu+1), Table 1. Horton (1945) considered the 

bifurcation ratio as index of relief and dissertation. Strahler (1957) demonstrated that 

bifurcation shows a small range of variation for different regions or for different environment 

except where the powerful geological control dominates. It is observed from the Rb is not same 

from one order to its next order these irregularities are dependent upon the geological and 

lithological development of the drainage basin (Strahler 1964). The bifurcation ratio is 
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dimensionless property and generally ranges from 3.35 to 4.0. The lower values of Rb are 

characteristics of the watersheds, which have suffered less structural disturbances (Strahler 

1964) and the drainage pattern has not been distorted because of the structural disturbances. 

In the present study, the higher values of Rb indicates strong structural control on the drainage 

pattern, while the lower values indicative of watershed that are not affect by structural 

disturbances. 

Weighted Mean Bifurcation Ratio (Rbwm) 

To arrive at a more representative bifurcation number Strahler (1957) used a weighted mean 

bifurcation ratio obtained by multiplying the bifurcation ratio for each successive pair of orders 

by the total numbers of streams involved in the ratio and taking the mean of the sum of these 

values. Schumm (1956, pp 603) has used this method to determine the mean bifurcation ratio 

of the value of 4.20 of the drainage of Perth Amboy, N.J. The values of the weighted mean 

bifurcation ratio this determined are very close to each other. 

Table 2: stream length and stream length ratio in study area. 

Su Lu Lu/Su Lur Lur-r Lur*Lur-r Luwm 

I 249.83 0.67 ----- ----   
 
 
6.91 

II 451.72 5.31 7.92 701.55 5556.27 
III 133.29 6.34 1.19 585.01 696.16 
IV 450.94 75.15 11.85 584.23 6923.12 

V 119.50 99.75 1.32 170.44 224.98 
VI 769.47 769.47 7.71 888.97 6853.95 
Total 2174.75 881.54 29.99 2930.2 20254.48 

Mean   5.998   

 

Su: Stream order, Lu: Stream length, Lur: Stream length ratio, Lurm: Mean stream length ratio*, 

Lur-r: Stream length used in the ratio, Luwm: Weighted mean stream length ratio. 
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Fig3. Triangular Irregular Network (TIN) Map 

Length of Main Channel (Cl) 

This is the length along the longest watercourse from the outflow point of designated sun 

watershed to the upper limit to the watershed boundary. Author has computed the main 

channel length by using ArcGIS-10 software, which is 34.25 Kms.  

Basin Geometry  

Length of the Basin (Lb) 

Several people defined basin length in different ways, such as Schumm (1956) defined the basin 

length as the longest dimension of the basin parallel to the principal drainage line. defined the 

basin length as the longest in the basin in which are end being the mouth. defined the basin 

length as the length of the line from a basin mouth to a point on the perimeter equidistant 

from the basin mouth in either direction around the perimeter. The length of the WRY-2 sub 

watershed in accordance with the definition of Schumm (1956) that is 36.6 Kms. 
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Basin Area (A) 

The area of the GP-4 sub watershed is another important parameter like the length of the 

stream drainage. Schumm (1956) established an interesting relation between the total GP-4 sub 

watershed areas and the total stream lengths, which are supported by the contributing areas. 

The author has computed the basin area by using ArcGIS-10 software, which is 242 Sq. Kms. 

Basin Perimeter (P) 

Basin perimeter is the outer boundary of the watershed that enclosed its area. It is measured 

along the divides between watersheds and may be used as an indicator of watershed size and 

shape. The author has computed the basin perimeter by using ArcGIS-10 software, which is 

218.9 Kms. 

S. N Morphometric Parameter Formula Reference Results 

A Drainage Network    
1 Stream Order (Su)  Hierarchical 

Rank 
Strahler (1952) 1 to 6 

2 1st Order Stream (Suf) Suf = N1 Strahler (1952) 368 
3 Stream Number (Nu) Nu = N1+N2+ 

…Nn 
Horton (1945) 484 

4 Stream Length (Lu) Kms Lu = L1+L2 … Ln Strahler (1964) 314.77 
5 Stream Length Ratio (Lur) see Table 2.3 Strahler (1964) 29.99 

6 Mean Stream Length Ratio 
(Lurm) 

see Table 2.3 Horton (1945) 5.998 

7 Weighted Mean Stream 
Length Ratio (Luwm) 

see Table 2.3 Horton (1945) 6.91 

8 Bifurcation Ratio (Rb) see Table2.2 Strahler (1964) 16.86 
9 Mean Bifurcation Ratio 

(Rbm) 
see Table 2.2 Strahler (1964) 3.37 

10 Weighted Mean 
Bifurcation Ratio (Rb) 

see Table 2.2 Strahler (1953) 4.20 

11 Main Channel Length (C1) 
Km. 

GIS Software 
Analysis 

 34.25 

12 Valley Length (VI) Kms GIS Software 
Analysis 

 36.6 

13 Basin Length (Lb) Kms GIS Software 
Analysis 

Schumm(1956) 36.6 

14 Basin Perimeter (P)Kms GIS Software 
Analysis 

Schumm(1956) 218.9 
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Hill shade: 

By using 3D analyst extension of ArcGIS 10.00 software, a shaded relief map of the study region 

has been prepared. It works as a model and simulates how the terrain looks with the 

interaction between sunlight and surface features. A mountain slope directly facing towards 

sunlight will be very bright and a slope opposite to the light will be dark. The analysis reveals 

that the south western part of the study region is hilly and undulating as compare to north 

eastern part. 

 

Fig4. Hill shade Map of study area 

 

15 Basin Area (A) SqKms   242.00 
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Slope and Aspect 

Slope and aspect are the basic elements for analyzing and visualizing landform characteristics. 

They are important in studies of watershed units, landscape units, and morphometric 

measures. When used with other variables slope and aspect can assist in runoff calculation, 

forest inventory estimates, soil erosion, wild life habitat suitability and site analysis. An aspect-

slope map simultaneously shows the aspect (direction) and degree (steepness) of slope for a 

terrain. Aspect  

Table 3:  Morphometric Analysis of 

GP-4 watershed Comparative 

Characteristics 

categories are symbolized using hues (e .g. red, orange, yellow, etc.) and degree of slope classes 

are mapped with saturation (or brilliance of color) so that the steeper slopes are brighter. 

Aspect is the directional measure of slope. 

 

Fig 5. Slope Map of study area 
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Fig 6. Aspect Map of study area 

CONCLUSION 

The relationship between geological setup and drainage pattern is analyzed using a triangulated 

irregular network (TIN). Regional and local trends of geological setup are reflected in the 

variable orientation of channels of different rank in the catchment. The study reveals that 

remotely sensed data (ASTER-DEM) and GIS based approach in evaluation of drainage 

morphometric parameters and their influence on landforms, soils and eroded land 

characteristics at GP-4 area level is more appropriate than the conventional methods. GIS 

based approach facilitates analysis of different morphometric parameters. GIS techniques 

characterized by very high accuracy of mapping and measurement prove to be a competent 

tool in morphometric analysis. The variation in stream length ratio due to change in slope and 

topography. The bifurcation ratio in the watershed indicates normal watershed category and 

the presence of moderate drainage density suggesting that it has moderate permeable sub-soil, 

and coarse drainage texture. The value of stream frequency indicate that the watershed show 
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positive correlation with increasing stream population with respect to increasing drainage 

density. Hence, from the study it can be concluded that (DEM) data, coupled with GIS 

techniques, prove to be a competent tool in morphometric analysis. These processes include 

impact of climate, geologic and topographic conditions on the distribution of soils, vegetation 

and occurrence of water. For better development and management of the watershed areas, it 

is necessary to have timely and reliable information on geomorphologic as well as 

environmental status. 
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