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Abstract 

              The area that collects precipitation water and transports it to a bigger lake, stream, or ocean is known 

as a drainage basin. It is an area that is bounded by a drainage divide and covered by a drainage network. The 

upstream drainage basin rejects the upstream geology and hydrologic character of the watershed by supplying 

water and sediment to the lower portions. This study's morphometric analysis is quantitatively carried out using 

ARC GIS 10.0, a very strong and user-friendly program that measures basin length, basin area, stream order, 

stream length, circular area of basin, and automatically creates drainage networks. fragments in the drainage 

network's delineation, basin formation, stream length, flow direction, and stream orders. Mapping, statistics, 

analysis, and output display are all completed with the ArcGIS approach. GIS research enables the most current, 

accurate, and dependable database on land resources. In determining geo-morphometric parameters, it has also 

proven to be quite helpful. The base map, elevation map, and base map of the Hire basin are prepared in the 

current study using GIS software. 

Keywords: Hire basin, Morphometric parameters and GIS etc. 

Introduction 

The region that collects precipitation water and transports it to a bigger lake, stream, or 

ocean is known as a drainage basin. The area is bounded by a drainage divide and included by a 

drainage network. The upstream drainage basin provides water and sediment to the lower portions of 

the area, reflecting the watershed's upstream geology and hydrologic characteristics. The drainage 

basin's features are determined by the response slope, bedrock, lithology, and climate of that area. In 

order to support decisions for different topics, it is crucial to analyze quantities and their relationships. 

Horton created the quantitative study of drainage basins, and Stracher updated those using traditional 

methods. However, satellite remote sensing and geographic information a system has recently become 

a comprehensive instrument for analysis, updating and correlating measurements with periodic 

changes. As a result, the outcomes are more accurate and the time spent. The purpose of this study is 

to assess the drainage basins' characteristics and their relationship to the topography in order to 

determine ways to manage and protect natural resources while thwarting natural dangers. Numerous 

geomorphologic, morphometric, flood management, and environmental applications have made 

extensive use of geographic information systems (GIS) (e.g. Dawod and Mohamed, 2009, EI 

Bastawesy et al., 2010, Rao et al., 2010, Dawod and Mahamed, 2008, and Dongquan et al., 2009). In 

order to evaluate the morphmetric parameters, drainage networks are mapped out with the various 

streams in order, catchment area, perimeter, relative relief, and relief ratio measurements are made, 

drainage density, drainage channel lengths, bifurcation ratio, drainage frequency, circulatory ratio, 

texture ratio and constant channel maintainers are made. These measurements aid in understanding 

the characteristics of the drainage properties of the catchment area. Terrain analysis, delineation of 

geomorphological features, quantitative geomorphology, pedo-geomorphological studies, land 

degradation studies, watershed prioritization,  
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flow direction calculation, flow accumulation assessment of 

runoff and top soil loss, hydro geomorphology, peak runoff 

rate estimation, delineation of groundwater potential zone, 

flood zone, and mapping are just a few of the applications 

available for morphometric parameters in many watersheds. 

Objectives 

1. To ascertain various morphometric and geomorphic 
characteristics of the basin. 

2. To determine the relationships between different 
morphometric parameters. 

3. To evaluate the watershed features of the research 
region. 

Study Area: 

The study area is in Karnataka state. This 

technique has been attempted in the present investigations 

in the Hire basin, It lies between latitude 15’50' N to 16 00' 

N and longitude74’50' E to 74’11'E. 

Geology  

In the Belgaum region of Karnataka, the Hire 

River, a tributary of the Kanvi River, empties over 

Proterozoic rock formations. Earth's history was crucial 

throughout the Proterozoic era, which lasted from roughly 

2.5 billion to 541 million years ago. Because they include 

valuable rock records and mineral deposits, proterozoic 

basins are significant from a geological perspective. During 

the Proterozoic Eon, large-scale sedimentary basins known 

as Proterozoic basins were created. The vast sedimentary 

and metamorphic rock sequences preserved in these basins 

offer valuable information about the tectonic, climatic, and 

biological activities of the era. 

 

 

Figure1 shows location map of the study area. 

Methodology and Data Used 

Use of ARC GIS 10.0, software for morphometric 

analysis is quantitatively performed and is a very powerful 

and easy-to-use tool for measuring basin length, basin area, 

stream order, stream length, circular area of basin, and 

automatic drainage network creation. Stream length, flow 

direction, drainage network delineation, and stream 

ordering are also important in basin development. Mapping, 

statistics, analysis, and output display are completed. The 

database of a Geographic Information System (GIS) is made 

up of observations of spatially dispersed objects as well as 

the processes used to gather, store, retrieve, analyze, and 

present this geographic data. A GIS connects database 

attributes to map features. GIS differ from other types of 

information systems in that they integrate digital mapping 

and database capabilities. 

Methodology: 

Data Preparation: 

The study's main objective is to create a workable 

process for creating a GIS data model for drainage 

morphometric analysis, which uses Arc GIS 10.0 software to 

assess different stream parameters and determine holistic 

stream qualities. The Survey of India (SOI) Toposheets for 

the region were used to gather the data sources needed for 

the morphometric study. Using Univarsal Transverse 

Mercator (UTM) projection and World Geodetic System 

(WGS) 84, the Toposheets were georeferenced and 

geometrically corrected by obtaining ground control points 

(GCPs). Additionally, ARC GIS software was used to 

mosaic all of the toposheets, digitize the demarcation of 

basin and streams for morphometric analysis. 

Data analysis in Geographic Information System (GIS): 

Use of Arc GIS (10.0), the parameters such as the 

drainage area, basin length, stream number and length of 

each order, and basin perimeter were computed. We made 

calculations based on the shape, drainage density, drainage 

frequency, form factor ratio, elongation ratio, circulatory 

ratio and other factors mentioned above. Below is the 

methodology used to calculate the morphometric 

parameters. Each stream was assigned a ranking using the 

stream ordering method developed by Horton (1969).  The 

data is transformed from raster to vector form using the 

conversion tools in the Arc toolbox. In the region, stream 

length was estimated using coverage methods and personal 

geodatabase tools.  
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Quantitative aspects, including linear, aerial, and 

relief features, were used to arrive at the drainage basin 

analysis. Stream length ratio, bifurcation ratio, mean stream 

length, linear characteristics, stream order and stream 

length were all examined. Drainage density, drainage 

texture, drainage frequency, infiltration number, elongation 

ratio, form factor ratio, and circulatory ratio were all 

computed in the aerial aspects of basin area. Relief ratios, 

dissection indices, channel gradients, and basin slopes were 

examined in relation to relief aspects.  

Data used: 

Toposheets: 

The study area lies in the survey of India (SOI) 

toposheet 47 L/2, 47 L/16, 48 I/9 and 48 I/13 at scale 

1:50,000 are projected to the Universal Transverse 

Mercator projection, WGS 1984, Zone 43 North. 

Morphometric analysis:  

Clarke (1966) defined morphometry as the 

measuring and mathematical examination of the earth's 

surface configuration, including the dimensions, shape, and 

configuration of its landforms. The linear, aerial, and relief 

features of the basin and slope contribution are measured in 

order to perform the morphometric analysis. 

Linear Aspects:   

The channel pattern of the drainage network, which is 

where the topological features of the stream segment are 

analyzed, is connected to the basin's linear aspects. The 

drainage network, which is made up of all the stream 

segments of a specific river, is reduced to the level of graphs. 

The points at which the stream junctions act as links or 

lines, and the length of each segment is measured, its 

hierarchical order is established and its various relationships 

are examined. Stream order, mean stream length, stream 

length ratio, bifurcation ratio, mean bifurcation ratio, stream 

length, overland flow length, basin parameter, and basin 

length are examples of linear drainage properties that can 

be measured. 

Stream order: 

Assuming that one has a drainage network map 

that shows all intermittent and permanent flow lines 

situated in clearly defined villages, the smallest fingertip 

tributaries are designated as order 1. This is the first step in 

drainage basin analysis. The system was introduced into the 

United States by Hoston in 1956 and slightly modified by 

Stracher in 1964. A channel segment of order 2 is 

discovered where two first order channels converge, and so 

on. The number Nu of segments of the specified order u is 

obtained by counting the segments of each order after the 

drainage network elements have been assigned their order 

numbers. The degree of stream branching within a basin is 

measured by the stream order. The order of streams 

indicates their earthly length. 

Stream number: 

Stream number is the number of stream channels 

in its order. As the order rises, the number of stream 

segments falls. Less permeability and infiltration are 

indicated by higher stream order. The number of streams is 

directly proportionate to the size of the watershed that 

contributes to the canal dimensions. It goes without saying 

that the number of streams of any given order will be bigger 

than those of the next higher level but less than those of the 

net lower order. As the stream order rises, the number of 

streams falls. As the stream order increases, the stream 

number typically decreases in geometric progression. 

Stream lengths: 

A dimensional feature that reveals the size and 

characteristics of drainage network components and the 

basin surfaces that contribute to them is the mean stream 

length (Lsm) of a stream channel segment of order. Arc GIS 

software is used to measure the channel length straight 

from the stream order map. The overall length is divided by 

the number of stream segments Nu of that order to 

determine the mean stream length of the channel (Lsm) of 

order u.  

Lsm=Lu/Nu 

Where, Lu=Total stream length of all orders 

Nu=Total number of stream of all orders 

The table displays the average stream length. Plotting 

the Hire river basin's Lsm values versus stream order 

reveals a linear curve, with stream number typically 

decreasing geometrically as stream order rises. This 

indicates that the Lsm of the given order is greater than 

that of the lower order stream length. 

Mean Stream Length: 

The mean stream length is a distinctive parameter 

connected with the drainage network and its associated 

surface, according to Strahler (1964). By dividing the total 

stream length of order "u" by the number of streams of 

segment of order "u," the mean stream length (Lsm) has 

been determined. 

It is calculated by the formula 

Mean Stream Length (Lsm)=Lu/Nu 

Where, Lu=Total stream length of Order ‘u’. 

Nu=Total no. of stream segment of order ‘u’. 

Stream length ratio: 

The average length of a stream of any order 

divided by the average length of the stream of the next 

lower order is known as the stream length ratio, and it is 

written as 

Rr = Lu/Lu-1 

Where, 

 Lu=Total stream length of all orders 

 Lu-1= Total stream length of its next order. 

The length ratio in the basin area is ranging from 0.33 to 

1.75 

Bifurcation Ratio: 

The number of stream segments of a given order 

divided by the number of segments of the next higher order 

is known as the bifurcation ratio (Rb) (scheme, 1956).  

It is calculated by Rb=Nu/Nu+1 

Where Rb=Bifurcation Ratio 

Nu=Total number of streams of all order 

Nu+1=Number of segment of next higher order. 



 

Royal International Global Journal of Advance and Applied Research 
Peer Reviewed International, Open Access Journal. 

ISSN: 2998-4459 |  Website: https://rlgjaar.com Volume-2, Issue-4 | April - 2025 

 

70  

Strahler (1957) showed that, with the exception of 

areas where full geological control predominates, the 

bifurcation ratio exhibits a limited range of variance for 

various environments or locations. For watersheds where 

the geologic structure does not alter the drainage pattern, 

bifurcation ratios typically vary from 2 to 4 (Strahler 1964). 

The basin form primarily determines the bifurcation ratio, 

which affects surface runoff in addition to landscape and 

morphometry. 

Mean Bifurcation Ratio: 

Watershed fall under the typical basin category 

and the mean bifurcation ratio can be defined as the average 

of the bifurcation ratios of fall orders (Strahler, 1957). 

Mean bifurcation Ratio (Rbm) =Average of bifurcation ratio of all 

order. 

Length of overland flow: 

As a measure of stream spacing and degree of 

dissection, the length of overland flow is defined as "the 

mean horizontal length of flow path from the divide to the 

stream in a first order basin and is approximately one half 

the reciprocal of drainage density." The hydrological and 

topographical development of a basin is influenced by this 

crucial morphometric variable. 

It is calculated by the formula.  

Lg=Hz D  

Where D=Drainage density 

Drainage Density: 

The drainage density, as proposed by Horton 

(1932), is a crucial measure of the areal scale of landform 

features in stream-degraded terrain. It is defined as the 

basin size, expressed in square kilometers, divided by the 

total channel segment lengths for all orders in the basin. A 

numerical assessment of the average length of stream 

channel for the entire basin is provided by the drainage 

density, which represents how closely channels are spaced.  

 

Basin Strean Order No. of Streams Stream Length Stream Length Ratio Bifurcation ratio 

Hire River  Basin 

1 273 209.1   

   0.33 4 

2 68 69   

   0.57 6.2 

3 11 39   

   0.36 5.5 

4 2 14.2   

   1.75 2 

5 1 24.8   

Table:1 shows Basin area and Stream order of Hire basin 
 

 

Circulatory ratio: 

The area of a basin divided by the area of a circle 

with the same circumference as the basin's perimeter is 

known as the circularity ratio (Miller, 1953). The drainage 

basin's elongated shape and notable relative relief are 

indicated by the calculated Rc values for the basin in the 

research area, which is 0.41.  

 

 

 

Elongation Ratio: 

Schumn (1956) defined the elongation ratio as the 

ratio of the greatest basin length to the diameter of a circle 

with the same area as the basin. watersheds' values is 0.56 

and notable relative relief of the topography (Nanda et al., 

2014a). 

Form Factor ratio: 

Horton (1932) used a form factor ratio, which is 

the dimensionless ratio of basin area to square of basin 

length, to illustrate the quantitative form of drainage basin 

outline form. 
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Parameters Results Formula References 

Basin Area 210 Km2 Using GIS software  

Perimeter of Basin  Using GIS software  

Mean stream length (Lsm) 1.01 Lsm=Lu/ Nu Strahler (1964) 

Mean Bifurcation Ratio 4.43 
Average of bifurcation ratio of all 

orders 
Strahler (1964) 

Drainage Density (Dd) 1.69 Dd = Lu/A Horton (1945) 

Stream Frequency (Sf) 1.68 Fs = ΣNu/A Horton (1932) 

Circulatory Ratio (Rc 0.41 4*3.14*A/ P2 Miller (1953) 

Elongation Ratio(Re) 0.56 Re=(2/Lb)X(A/π)0.5 Schumm (1956) 

Form Factor Ratio (Rf) 0.24 Rf=A/(Lb)2 Horton (1945) 

Drainage Texture (T) 2.84 T = Dd × Fs Smith (1950) 

Drainage Texture Ratio (Rt) 4.4 Tr = ΣNu/P Horton (1945) 

Compactness Coefficient (Cc) 1.57 0.2841 * P / A 0.5 Gravelius (1914) 

Basin Length (Lb) 29.4 Lb=1.312 X A0.568 
Nookartnam et. al 

[2005] 

Length of Overland Flow 

(Lg) 
0.3 Lg=1/Dd*2 Horton (1945) 

Basin Shape (Bs) 4.12 Bs=Lb2/A Horton (1945) 

Rho coefficient (ρ) 3.13 Ρ = Rl/Rf Horton (1945) 

Constant of channel 

maintenance  (C) 
0.59 C = 1/Dd Schumn (1956) 

Basin relief  (Rh) 900-582=318 Rh = H–h 
Hardely and 

Schumm (1961) 

Relief ratio  (Rr) 10.82 Rr = Rh/Lb Schumn (1956) 

Ruggedness number (Rn) 1.52 Rn = Dd × (H/1000) 
Patton & Baker 

(1976) 

Melton ruggedness number 

(MRn) 
21.95 MRn = H–h/A0.5 Melton (1965) 

                                                  Table: 2 shows Morphometric characteristics of Hire basin 

Conclusion: 

According to the study, the conventional 

approaches are not as suitable for evaluating drainage 

morphometric parameters and their impact on landforms 

and drainage features at the river basin level as Toposheet 

data and a GIS-based methodology. A GIS-based method 

makes it easier to analyze various morphometric parameters 

and investigate the connection between landform 

characteristics and drainage morphometiy. Linear 

measurements of the watershed using morphometric 

parameters were used to perform the morphometric studies. 

The investigation of the drainage basins' linear and areal 

morphometric features has proven to be greatly aided by 

GIS software. According to the study, a GIS-based 

methodology is more suitable than traditional approaches 

for evaluating drainage morphometric characteristics at the 

river basin level. The watershed's drainage network is 

dendritic with a moderate drainage texture, according to 

morphometric research. Changes in terrain and slope may 

be the cause of the discrepancy in the stream length ratio. 

The watershed's bifurcation ratio suggests that it has a 

regular watershed category, moderate drainage density, and 

a coarse drainage texture. It also suggests that the subsoil is 

moderately permeable. When stream population increases in 

relation to drainage density, the watershed exhibits a 

positive correlation, as indicated by the stream frequency 

value. The circulator ratio and form factor values indicate 

that the Hire watershed is shorter. Therefore, the study's 

findings suggest that Cartosat (DEM) data, when combined 

with GIS methods, is a useful tool for morphometric 

research. 
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