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Abstract:  
Remote sensing and Geographic Information System (GIS) techniques are being efficiently used in 

recent times as a tool in determining the quantitative description of basin geometry i.e., morphometric analysis. 

The morphometric parameters are computed using Arc GIS software. Hence, in the present study an attempt 

has been made to understand the hydrological process of the command area at the watershed level by drawing 

the inferences from morphometric analysis. The study area chosen for the present study is Bettahalasuru 

command area situated in Bangalore North  lies geographically  between13°10'8"N and 13°9'12"N latitude and 

77°35'58"E and 77°37'35"E longitude and toposheet No:57 G/12. It covers an area of 3.8 Sqkm and perimeter of 

7.89km. The inferences shows that the study area is coarse textured, with low stream frequency along with the 

elongated nature. 
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1. Introduction:  

Watershed management is the process of formulating and carrying out a course of action involving 

manipulation of the natural system of watershed to achieve specified objectives. It implies the proper use of all 

land and water resources of a watershed for optimum production with minimum hazard to natural resources. 

Remote sensing and GIS techniques have emerged as powerful tools for watershed management programs. 

Morphometry is the measurement and mathematical analysis of the configuration of the earth surface, 

shape and dimensions of its landforms (Clarke, 1966). The term morphometry is derived from the Greek word, 

where “morpho” means earth and “metry” means measurement, so together it is the measurement of earth 

features. Morphometric analysis provides quantitative description of the basin geometry to understand initial 

slope or inequalities in the rock hardness, structural controls, geological and geomorphic history of drainage 

basin (Strahler, 1964).  

The quantitative morphometric analysis of the drainage basin is considered to be the most satisfactory 

method because it enables us: 

 To understand the relationship between different aspects of the drainage pattern of the same drainage 

basin; 

 For comparative evaluation of different drainage basins developed in various geologic and climatic 

regimes and 

 To define certain useful parameters of drainage basins in numerical terms. 

2. Objectives: 

 To protect and enhance the water resource originating in the watershed. 

 Morphometric analysis to express the characteristics in terms of numbers and ratios to enable easy 

comparison and analysis of catchment at watershed level.  

 To prepare different thematic maps using SOI topomaps and remotely sensed data. 

3. Scope of the Study:  

 RS and GIS are being used as tools for planning and management of available natural resources within 

the watershed. Hence, in the present study an attempt has been made to use RS and GIS to estimate 

morphometry of the watershed. 

 Morphometric analysis provides the physical characteristics of the watershed and also helps in 

derivation of parameters and ratios within the catchment. 

4. Methodology:  

 Collection of data.  

 Preparation of different thematic maps.  

 Morphometric analysis by using different morphometric parameters.  

Collection of Data: 

 Survey Of India (Soi) Topomap No. 57 G/12, On 1:50,000 Scale  

 Indian Remote Sensing (Irs-1d, Liss Iii ) Satellite in the form of   FCC  

Preparation of Different Thematic Maps:  

In order to know the different natural resources, terrain conditions, etc. in the study area, different 

thematic maps are prepared.  
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Figure 1: Watershed boundary                                       Figure 2: Drainage map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Location map                                                                             Figure 4: Dem map 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

                    Figure 5: Ground water map                                                Figure 6: Land use & land cover map 

Morphometric Analysis: Morphometric analysis of Bettahalasuru command area at the watershed level was 

carried out using GIS which is a suitable tool to study the morphological analysis. The entire catchment was 
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based on topography and drainage pattern. In that we have considered 1 watershed. The analysis was carried out 

through measurement of linear, aerial and relief aspects of watershed. The morphometric parameters were 

useful in understanding the hydrological processes of the drainage basin. Table 1.1 shows the formulae for 

various morphometric parameters.  

Table 1: Formulae for various morphometric parameters 

S.No Morphometric Parameters Formula 

1 Stream order Hierarchial rank 

2 Stream length (Lu) Length of the stream 

3 Mean stream length Lsm = Lu  / Nu 

4 Stream length ratio RL = Lu / Lu – 1 

5 Bifurcation ratio Rb = Nu / Nu + 1 

6 Mean bifurcation ratio Rbm =  Average  of bifurcation ratios of all orders 

7 Relief ratio Rh = H / Lb 

8 Drainage density D = Lu / A 

9 Stream frequency Fs = Nu / A 

10 Form factor Rf = A / Lb 

11 Circularity ratio Rc = (4 *  Pi * A)
1/2 

/ P² 

12 Elongation ratio Re = 2 (A/Pi)½ / Lb 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Soil map of Bettahalasuru 

 
Figure 8: Soil series map of Bettahalasuru   Figure 9: Slope map of Bettahalasuru 
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5. Results and Discussions: 

Utilization of the Arc GIS software, along with some other associated extensions, has resulted in 

delineating watershed in Bettahalasuru Command Area (Fig 2 ).  In the present study, the morphometric analysis 

has been carried out about parameters as stream order, stream length, bifurcation ratio, stream length ratio, basin 

length, drainage density, stream frequency, elongation ratio, circularity ratio, form factor, basin relief, relief 

ratio, channel gradient using mathematical formulae as given in Table 1. Morphometric characteristics and 

results of its parameters of watershed are summarized in Table 2 and Table 3. 

Table 2: Morphometric characteristics of Bettahalasuru command area 

Table 3: Results of Morphometric parameters of Bettahalasuru command area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to check for the linearity, graph of stream order verses number of stream segments were plotted as shown 

in the Figures 10. 

 
Figure 10: Regression of stream order on number 

of streams of watershed 

 
Figure 11: Regression of stream order on mean 

streams of watershed 

Figsure11 shows the relationship between stream order and mean stream length as proposed by the 

Strahler’s system of stream ordering. Generally it is observed that the mean stream length of any given order is 

greater than that of the lower order but less than that of the next higher order. But from this graphs it is seen that 

there is a variation in general observation. This deviation might be due to change in topographic elevation and 

structural disturbances like folds and joints. 
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1 2 1 2 

1 3.80 7.89 8 5 3 3.887 1.84 

S.No Watershed Parameters Units Watershed 

1 Watershed area km
2
 3.80 

2 Perimeter of the watershed Km 7.89 

3 Maximum length of the watershed Km 3.325 

4 Maximum width of the watershed Km 2.723 

5 Watershed highest stream order No. 2 

6 Cumulative stream segments No. 8 

7 Cumulative stream length km 5.727 

8 Length of overland flow km 0.33 

9 Drainage density km/km
2 

1.51 

10 Constant of channel maintenance km
2
/km 0.66 

11 Stream frequency No/ km
2
 1.58 

12 Bifurcation ratio 
 

1.67 

13 Length ratio 
 

0.79 

14 Form factor 
 

0.34 

15 Shape factor 
 

2.91 

16 Circularity ratio 
 

0.77 

17 Elongation ratio 
 

0.37 

18 Compactness coefficient 
 

1.14 

19 Total watershed relief km 0.111 

20 Relief ratio 
 

0.033 

21 Relative  relief 
 

0.014 

22 Ruggedness number 
 

0.002 
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6. Conclusion: 

In the present study Bettahalasuru command area is often selected as a unit of morphometric 

investigation because of its topographic and hydrological unity. GIS software have resulted to be of immense 

utility in the quantitative analysis of the geo-morphometric aspects of the drainage basins. The study reveals that 

GIS based approach in evaluation of drainage morphometric parameters at river basin level is more appropriate 

than the conventional methods. The stream length has been computed based on the Horton’s law for the 

watershed obtained parameters are as follows. 

 In the present case the values of Rb is 1.67(in between 1- 5) for the watershed and hence suffered slight 

structural disturbances. 

 The drainage density of the area varies from 1.24 to 2.49 km/km
2
 indicating that the area is coarse 

texture.  

 Stream frequency value for the watershed varies from 0-5 this indicates that the stream frequency is 

low. 

 The circularity ratio varies is 0.77 for the watershed, which indicates the nature of topography.  

 The elongation ratio ranges is 0.37 which indicates that the watershed is more elongated.                                                                                                                                           

 The values of relief vary from 1.263 km to 1.006 km indicates that the watershed has enough slope for 

the runoff to occur from the remote point of the watershed to mouth.  

 The relative relief ratios are ranging from 0.008 to 0.012. The high relative relief indicates that it is 

composed of resistant rock patches and low relief ratio indicates less resistant patch of rock. 
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