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Abstract From three different sources viz. survey of India topographic map (1:50,000), CartoDEM (10 

mts) and Aster GDEM (30 mts) morphometric parameters are derived and evaluated. Manually 

digitized the drainage network from toposheets and extracted drainage network system from 

CartoDEM and Aster GDEM using ArcGIS 10.2 software. Basic, derived and shape parameters are 

considered for basin analysis. The mean bifurcation ratio of the given basin for CartoDEM & Aster 

GDEM are having nearby values and also indicates some sort of geological control, high stream 

frequency (Fs) is indicative of high relief and low infiltration capacity of the bedrock pointing towards 

the increase in stream population with respect to increase in drainage density, low drainage density 

(Dd) leads to coarse drainage texture, value of Lg for topographic, CartoDEM and Aster GDEM data 

indicating very fine texture & fine texture respectively. From the shape parameters the Kumudvathi 

watershed indicates it is sub-circular and elongated. The results from the high resolution data will have 

the nearby values and less of % variation, whereas in low resolution data % of variation is more and 

will not meet criteria.  

Keywords Morphometry; CartoDEM; Aster GDEM; SOI Toposheets; Kumudvathi Watershed; 

GIS 

 

1. Introduction  

 

Drainage basin is a basic unit in morphometric analysis because all the hydrologic and geomorphic 

processes occur within the watershed where denudational and aggradational processes are most 

explicitly manifested. Morphometry is the measurement and arithmetical investigation of design of the 

earth's surface, shape and dimension of its landforms (Agarwal, 1998; Obi Reddy et al., 2002). A most 

important consequence in geomorphology over the past several decades has been on the growth of 

quantitative physiographic process to describe the progression and actions of surface drainage 

networks (Horton, 1945; Leopold & Maddock, 1953).  
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1.1. Study Area 

 

The watershed area of Kumudvathi River is 448.61 Sq Kms (Figure 1) & located between 12.97 to 

13.28 N latitude and 77.24 to 77.40 E longitudes. The Kumudvathi River originates from the 

Shivaganga hillock. The river flows towards south and meets the Arkavathy River at 

Thippagondanahalli Reservoir. The study area falls in Survey of India (1:50,000) toposheets Nos 

57G/3, 4, 5, 7 and 57G/8 are used to delineate the boundary and morphometric analysis. 

 

 
 

Figure 1: Location of Kumudvathi Watershed with CartoDEM Image 

 

2. Materials and Methodology 

 

By Survey of India Toposheets of scale 1:50,000, base maps are generated manually by GIS 

Mapping. The drainage network from CartoDEM with 10m and Aster v2 Global Digital Elevation Model 

(GDEM) with 30 m spatial resolution data was extracted, using hydrology toolset in ArcGIS 10.2 

Software (Figure 3) to delineate the watershed parameters. The drainage network of the basin, stream 

ordering and additional parameters was analyzed as per the Table 1. The outcome will be more 

precise when the DEM cell size is smaller or the resolution of the image is more (Ahmed, S.A. 

Chandrashekarappa, K.N., Kiran Raj, S., Nischitha, V., and Kavitha, G., 2010).  

 

One of the types to gain hydrologic characteristics concerning a surface is the ability to conclude the 

direction of flow from each cell in the raster. This is prepared with the Flow Direction task. This utility 

obtains a surface as input and outputs a raster presenting the direction of flow out of every cell 

(Figure 2). If the output drop raster choice is preferred, an output raster is created showing a ratio of 

the utmost alteration in elevation from each cell along the direction of flow to the path length between 

middle of cells and is expressed in proportion. If the force all edging cells to flow outward option is 

chosen, all cells at the edge of the surface raster will run external from the surface raster. 
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Figure 2: Eight Direction (D8) Flow Model 

 

The Flow Accumulation task determines accumulated flow as the accumulated weight of all cells 

flowing into every down slope cell in the output raster. If no weight raster is given, a weight of one is 

applied to each cell, and the value of cells in the output raster will be the number of cells that flow into 

every cell.  

 

3. Results and Discussion 

 

The morphometric analysis for the Basic parameters of Stream order, Stream length, Mean Stream 

Length and derived parameters of Bifurcation Ratio, Stream length ratio, Stream frequency, Drainage 

Density, Texture Ratio, Drainage Texture, Length of overland flow, Compactness constant, Constant 

of channel maintenance and the Shape parameters of Elongation ratio, Circularity ratio, Form factor for 

Topographic, CartosatDEM and Aster GDEM data for the Kumudvathi Watershed is achieved the 

formulas described in Table 1.  

 

3.1. Basic Parameters 

 

The perimeter (P) is the total length of the drainage basin boundary. The perimeter of the Kumudvathi 

basin is 107.63 kms for Toposheet (Figure 4), whereas the watershed derived from the CartoDEM & 

Aster GDEM data using pour points methods is 109.27 km and 134.6 km respectively. The total 

drainage area (A) of the Kumudvathi basin has having variation of 0.5% and 1.1%. The length of the 

basin (Lb) measured parallel to the main drainage line. The basin length of Kumudvathi is having 

minor variation of 0.5% & -1.8 and values of Lb are shown in Table 2. 

 

3.2. Stream Order (Nu) 

 

The streams of the study area have been ranked; when two first order streams join, a stream segment 

of second order is formed; When two second order streams join, a segment of third order is formed, 

and so on. In the present studies Fifth order drainage is delineated for morphometric analysis; it is 

observed that decrease in stream frequency as the stream order increases in both sources of the data. 

Kumudvathi watershed is a hilly terrain in eastern side of the basin with moderate to steep slope 

(Figure 5) which is clearly depicted by CartoDEM and Aster GDEM. Therefore, the satellite data show 

a very high variation in I, II and III order streams (Table 2). 
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Table 1: Methods of Calculating Morphometric Parameters 

 

Morphometric Parameters Formula & Description References 

Basic Parameters 

Stream order (U) Hierarchical order Strahler, 1964 

Stream length (Lu) Length of the stream Horton, 1945 

Mean stream length (Lsm) 

Lsm = Lu/Nu; where, Lu=Stream length 

of order ‘U’ 

Nu=Total number of stream segments of 

order ‘U’ 

Horton, 1945 

Derived Parameters 

Bifurcation ratio (Rb) 

Rb = Nu/ Nu+1; where, Nu=Total 

number of stream segment of order ‘u’; 

Nu+1=Number of segment of next 

higher order 

Schumn,1956 

Stream length ratio (Rl) 

Rl=Lu/Lu-1; where Lu=Total stream 

length of order ‘U’, Lu-1=Stream length 

of next lower order. 

Horton, 1945 

Stream frequency (Fs) 

Fs = N/A; where, 

N=Total number of streams; A=Area of 

watershed 

Horton, 1945 

Drainage density (Dd) 

Dd = L/A where, 

L=Total length of streams; A=Area of 

watershed 

Horton, 1945 

Texture ratio (T) 

T = N1/P; where,N1=Total number of 

first 

order streams; P=Perimeter of 

watershed 

Horton, 1945 

Drainage Texture (Rt) 

Rt=Nu/P; where, Nu= total number of 

stream segments of all order in a basin; 

P=Perimeter 

Horton, 1945 

Length of overland flow (Lof) 
Lof = 1/2Dd; where, Dd=Drainage 

density 
Horton, 1945 

Compactness Constant (Cc) 

Cc=0.2821*P/A
2
 ;where, P=Perimeter of 

the basin(km), A=Area of the basin 

(km
2
) 

Horton, 1945 

Constant of channel 

maintenance (C) 
C = 1/Dd; where, Dd=Drainage density Schumn,1956 

Shape Parameters 

Elongation ratio (Re) 
Re=2√(A/π)/Lb; where, A=Area of 

watershed, π=3.14, Lb=Basin length 
Schumn,1956 

Circulatory ratio (Rc) 

Rc=4πA/P
2
; where, A=Area of 

watershed, 

π=3.14, P=Perimeter of watershed 

Miller, 1953 

Form factor (Rf) 

Rf=A/(Lb)
2
; where, A=Area of 

watershed, 

Lb=Basin length 

Horton, 1932 

 

3.3. Stream length (Lu) & Mean Stream Length (Lsm) 

 

The stream length and Mean Stream Length of various orders has been calculated from Horton’s law 

of stream length method. It supports the theory of geometrical similarity is preserved generally in the 

basins of increasing category. Mean length of channel segments of an existing order is greater than 

that of the next lower order but less than that of the next higher order. 
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Derived Parameters 

 

Bifurcation Ratio (Rb) 

 

Bifurcation ratio is the ratio of the number of stream channels of an order to the number streams of the 

higher order. It is related to the structural control on the drainage. Study area prominently showing 

some sort of geological control in all the three sources viz., Toposheets, CartosatDEM and Aster 

GDEM. From this study reveals that the watershed is in mature stage of erosion.  

 

 
 

Figure 3: Method of Delineating Stream Order for CartoDEM and Aster GDEM 

 

3.4. Stream Length Ratio (Rl) 

 

Stream length ratio (Horton’s law) states that mean stream length segments of each of the successive 

orders of a basin tends to approximate a direct geometric series with streams length increasing 

towards higher order of streams. The Rl between streams of different order in the Kumudvathi 

watershed area reveals that there is a variation in Rl (Table 3). Transform of stream length ratio from 

one order to another order representing there late youth stage of geomorphic development (Singh, S. 

and Singh, M.C., 1997). Toposheet indicating  an increasing trend in stream length ratio from lower to 

the higher order, whereas in CartoDEM an average of 9% variation and in Aster GDEM the average -

49% of variation. 

 



IJARSG– An Open Access Journal (ISSN 2320 – 0243)  

 

International Journal of Advanced Remote Sensing and GIS 1291 

 

  
 

Figure 4: Stream Order by SOI                           Figure 5: Spatial Distribution of Slope 

 

3.5. Stream Frequency (Fs) 

 

It is defined as the total number of stream segments of all orders per unit area. The occurrence of 

stream segments depends on the nature and structure of rocks, vegetation cover, nature and amount 

of rainfall and soil permeability. In Kumudvathi watershed by CartoDEM shows high stream frequency 

of high relief and low infiltration capacity of the bedrock pointing towards the increase in stream 

population with respect to increase in drainage density. In Aster GDEM % variation is -350; it is due to 

low resolution of the source data.  

 

Table 2: Basic Parameters of Kumudvathi Watershed 

 

Basin Configuration 
Symbols SOI Data 

CartoDEM 

(10 mts) 

ASTER 

(30 mts) 

Variation (in %) 

CartoDEM ASTER 

Area (sq km) A 448.61 450.91 453.76 0.51 1.1 

Perimeter (km) P 107.63 109.27 134.6 1.50 20.0 

Basin Length (km) Lb 36.49 36.51 35.84 0.05 -1.8 

Stream Order (Nu) 

I 627 991 139 36.73 -351.1 

II 144 119 31 -21.01 -364.5 

III 31 26 7 -19.23 -342.9 

IV 6 6 2 0.00 -200.0 

V 1 1 1 0.00 0.0 

Total number of streams Nu 809 1143 180 29.22 -349.4 

Stream Length (km) 

I 405 262 180 -54.58 -125.0 

II 182 190 73 4.21 -149.3 

III 80 62 47 -29.03 -70.2 

IV 45 56 17 19.64 -164.7 

V 33 35 20 5.71 -65.0 

Total stream length (km) Lu 745 605 337 -23.14 -121.1 

Elevation (m) 
Min 800 685 214 -16.79 -273.8 

Max 1386 956 1497 -44.98 7.4 
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Drainage Density (Dd) 

 

It is a measure of the length of stream per unit (Horton, 1932) in the watershed. As climate gets drier, 

drainage density reduces as of the supremacy of the role of precipitation in dictating erosivity; while as 

climate gets wetter, drainage density reduces as of the supremacy of the role of vegetation in reducing 

the erodibility of the land surface (Moglen, G.E., Eltahir, E.A.B., and Bras, R.L., 1998). It is significant 

point in the linear scale of landform elements in stream-eroded topography and does not change 

regularly with orders within the basin. Low (<2.0 kms/km
2
) drainage density in Kumudvathi watershed 

for topographic, CartoDEM and Aster GDEM leads to coarse drainage texture. 

 

Drainage Texture (T) 

 

According to Horton (1945), T is the total number of stream segments of all orders per perimeter of 

that area. In the present study, a value of above 10.46 & 1.33 are noticed in CartoDEM and Aster 

GDEM data indicating very fine texture and 7.5 for toposheets indicating fine texture. 

 

Table 3: Derived Parameters of Kumudvathi Watershed 

 

Basin Configuration 
Symbols SOI Data 

CartoDEM 

(10 mts) 

ASTER 

(30 mts) 

Variation (in %) 

CartoDEM ASTER 

Bifurcation ratio (Rb) 

I/II 4.4 8.3 4.5 46.99 2.2 

II/III 4.6 4.6 4.4 0.00 -4.5 

III/IV 5.2 4.3 3.5 -20.93 -48.6 

IV/V 6.0 6.0 2.0 0.00 -200.0 

Mean Bifurcation ratio Rbm 5.0 5.8 3.6 13.79 -38.9 

Stream length 

ratio (Rl) 

II/I 1.96 6.04 1.82 67.55 -7.7 

III/II 2.04 1.49 2.85 -36.91 28.4 

IV/III 2.91 3.91 1.27 25.58 -129.1 

V/IV 4.40 3.75 2.35 -17.33 -87.2 

Stream frequency 

(Fs) 
Fs 1.80 2.53 0.40 28.85 -350.0 

Drainage density 

(km/km
2
) 

Dd 1.66 1.34 0.74 -23.88 -124.3 

Texture ratio T 5.83 9.07 1.03 35.72 -466.0 

Drainage Texture Rt 7.516 10.46 1.33 28.15 -465.1 

Length of overland 

flow 
Lg 0.301 0.373 0.673 19.30 55.3 

Constant of Channel 

Maintenance 
C 0.602 0.745 1.34 19.19 55.1 

Compactness 

constant 
Cc 0.138 0.139 0.51 0.72 72.9 

 

Length of Overland Flow (Lg) 

 

It is the length of water over the land before it obtains concentrated in to exact streams channels. 

Length of overland flow in Toposheet, CartoDEM and Aster GDEM data sources is more than 0.25 are 

under very less structural disturbance, less runoff circumstances and encompasses higher overland 

flow. 

 

Constant of Channel Maintenance (C) 
 

Constant of channel maintenance is the inverse of drainage density. It is also the area requisite to 

retain one linear kilometer of stream channel. Normally, a higher constant of channel maintenance of a 

basin point toward higher permeability of rocks of that basin, and vice versa. It is inferred that the 
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Kumudvathi watershed for CartoDEM, Aster GDEM and topographic having more than 0.6 Km
2 

areas 

to maintain one kilometer length stream channel, which in turn indicates in three data sources that the 

basin is permeable. 

 

Shape Parameters 

 

Elongation Ratio (Re) 

 

Elongation ratio is the ratio between the diameter of the circle of the same area as the drainage basin 

and the maximum length of the basin. Analysis of elongation ratio indicates that the areas with higher 

elongation ratio values have high infiltration capacity and low runoff. The elongated shape of the basin 

is predominant due to the guiding result of thrusting and faulting (Sreedevi, P.D., Subrahmanyam, K. 

and Ahmed, 2004). A circular basin is additional efficient in the release of runoff than an elongated 

basin. The elongation ratio and shape of basin are in general varies from 0.6 to 1.0 over a broad range 

of climate and geologic types. Values close to 1.0 are typical of regions of very low relief, while values 

in the range 0.6 to 0.8 are generally related with high relief and steep ground slope. The Elongation 

ratio of the Kumudvathi catchment for CartoDEM, Aster GDEM and topographic is falls in less 

elongated category.  

 

Table 4: Shape Parameters of Kumudvathi Watershed 

 

Basin Configuration Symbols SOI Data 
CartoDEM 

(10 mts) 

ASTER 

(30 mts) 

Variation (in %) 

CartoDEM ASTER 

Elongation ratio Re 0.66 0.66 0.66 0.00 0.00 

Circulatory ratio Rc 0.49 0.47 0.31 -4.26 -58.1 

Form factor Rf 0.337 0.338 0.34 0.30 0.90 

 

Circularity Ratio (Rc)  

 

The circularity ratio 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. It is influenced by the length and frequency of streams, 

geological structures, land use/ land cover, climate, relief and slope of the watershed. Transform from 

rainfall to snowmelt runoff and development and subsequent erosion of regional duricrust processes 

and environmental scenarios that appear to be consistent of basin circularity functions (Wei Luo and 

Alan D Howard). In the present study (Table 4), the Rc values for Toposheets, CartoDEM and Aster 

GDEM are 0.49, 0.47 and 0.31 respectively. This anomaly is due to diversity of slope, relief and 

structural conditions prevailing in the watershed. 

 

Form Factor (Rf) 
 

Form factor is defined as the ratio of basin area to square of the basin length. The value of form factor 

would always be greater than 0.7854 (for a perfectly circular basin). Smaller the value of form factor, 

more elongated will be the basin. It is noted that the Rf values are 0.33 in Topographic maps and 

CartoDEM and 0.34 in Aster GDEM indicates that Kumudvathi watershed is sub-circular to less 

elongated in all the three data sources. 

 

4. Conclusions 
 

The three data sources of Toposheet, CartoDEM and Aster GDEM are effectively used for 

morphometric analysis. It has been found that the study area is a fifth order with dendritic pattern 

drainage basin in all three sources. From the basic parameters, derived parameters and shape 

parameters indicating some sort of geological control over the basin. The 10m resolution CartoDEM 

data is highlighting the near values to the topographic sheets, whereas the 30m resolution of Aster 
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GDEM data having negatively correlation values. Considerable positive variations of the Stream Order, 

total number of streams, stream length in II and V order, stream length ratios are seen in satellite 

images when compared with toposheets. The different values of morphometric parameters derived 

from different sources will affect the outcome of the basin and influence the main channel. Modern 

technologies like ArcGIS 10.2 Software, high spatial resolution data can be effectively used towards 

morphometric parameters analysis towards fast processes and the high resolution data resemble the 

manual outcome.  
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