


Morphometric Characterization and Hydrological Interpretation of the Shastri Watershed Using Geospatial Techniques
Abstract
Geomorphological characteristics of a watershed play a critical role in controlling drainage patterns, runoff behavior, erosion processes, and groundwater potential. Hence, quantitative geomorphometric analysis is essential to understand the relationship between terrain features and hydrological responses. The present study evaluates the geomorphometric attributes of the Shastri watershed and their hydrological implications using geospatial techniques. Remote Sensing (RS) and Geographic Information Systems (GIS) were employed to derive morphometric parameters from 30 m resolution CARTOSAT-DEM and Survey of India (SOI) topographic maps for watershed delineation and drainage extraction.The computed linear, areal, and relief parameters indicate an elongated basin geometry, as evidenced by low values of form factor, elongation ratio, and circularity ratio. High basin relief, along with moderate relief ratio and ruggedness number, suggests significant terrain variability, which enhances runoff velocity and increases erosion susceptibility. The asymmetry factor further indicates uneven slope development, affecting spatial runoff distribution. Overall, the watershed demonstrates moderate to high runoff potential, particularly during intense rainfall events. The study confirms the effectiveness of RS-GIS techniques in generating reliable morphometric insights and highlights their importance in watershed management and sustainable planning.
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1. Introduction:
Land and water resources are progressively declining due to increasing population pressure and associated anthropogenic activities. Watersheds represent fundamental geomorphic and hydrological units formed through complex interactions among topography, climate, and hydrological processes. Geomorphology focuses on the physical and chemical processes operating on or near the Earth’s surface that shape landforms and govern their evolution over time (Clarke., 1966). Morphometry involves the quantitative assessment of watershed geometry and drainage systems, enabling the evaluation of linear, areal, and relief characteristics of a basin (Ingle et al., 2025).Drainage networks constitute vital landscape elements that are highly responsive to topographic conditions, which influence their structure and fluvial dynamics. These networks, including stream patterns and river systems, vary spatially and temporally due to the influence of geomorphology, geology, structural controls, and vegetation (Rekha et al., 2011). Physiographic features such as basin shape, drainage density, and slope gradient significantly influence hydrological responses within a watershed. Analysis of these features provides insights into runoff generation, flow distribution, and water availability.
Morphometric characteristics strongly control hydrological processes such as flood peaks, sediment transport, and soil erosion (Shekar and Mathew, 2023; Shekar et al., 2023). These parameters quantitatively describe the size, shape, and spatial arrangement of landforms (Clarke, 1996; Agarwal, 1998; Reddy et al., 2002). Morphometric analysis typically includes linear, areal, and relief aspects, often evaluated using GIS-based techniques (Agarwal, 1998), which offer comprehensive understanding of watershed characteristics.With advancements in geospatial technologies, Remote Sensing (RS) and GIS have become efficient tools for rapid and accurate computation of morphometric parameters (Singh et al., 2013; Gautam et al., 2021). In this study, RS and GIS techniques are applied to analyze the morphometric characteristics of the Shastri watershed, aiming to understand its hydrological behavior and support decision-making for water resource planning and watershed management.

2. Material and Methods
2.1. Description of Study Area: 
The Shastri watershed, located within the Shastri River basin in the Konkan region, was selected for the present study. The geographical extent of the watershed lies between latitudes 17°6.200′ N to 17°22.800′ N and longitudes 73°36.000′ E to 73°42.000′ E. The total area of the watershed is approximately 151 km² (15,100 ha).The region receives an average annual rainfall of about 3,300 mm, predominantly during the southwest monsoon season (June–September). Orographic effects associated with the Western Ghats significantly enhance rainfall intensity, resulting in rapid runoff, high soil saturation, and marked seasonal discharge. The elevation within the watershed ranges from 26.05 m to 987 m above mean sea level (MSL). The location map of the study area is presented in Figure 1.
2.2. Database Used
The study utilized topographic maps (1:50,000 scale) and Digital Elevation Model (DEM) data. The toposheets were obtained from the Survey of India (SOI). A 30 m resolution Cartosat-1 DEM was used for terrain analysis, downloaded from the Bhoonidhi Portal (link: https://earthexplorer.usgs.gov/). The DEM is suitable for watershed delineation, slope analysis, drainage extraction, and geomorphological investigations. The DEM representation is shown in Figure 4.
2.3. Software Used
QGIS (Version 3.18, released February 2021), an open-source geospatial software developed by the QGIS Development Team, was used for analysis. The software facilitated watershed delineation, thematic map preparation, drainage network extraction, and computation of morphometric parameters, including linear, areal, and relief aspects.
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Figure 1. Location Map of Study Area
2.4. Extraction of watershed boundary and drainage network
A watershed is a topographically defined hydrological unit that collects and conveys runoff from precipitation to a common outlet such as a river, lake, or reservoir through interconnected flow paths. The workflow for watershed boundary extraction in the QGIS 3.18 environment is illustrated in Figure 2.
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Figure 2. Flowchart showing steps for extracting boundary of watershed 
2.5. Estimation of geomorphometric parameters 
Morphometric analysis is an effective approach for understanding the interrelationship among various drainage characteristics. The geomorphological properties of a watershed are categorized into stream characteristics, basin shape attributes, drainage network features, and slope characteristics. These are broadly classified into three groups:
2.5.1. Linear aspects (One dimension)
2.5.2. Areal aspects (Two dimension)
2.5.3. Relief aspects (Three dimension)
     2.5.1. Linear parameters
[bookmark: _Hlk219062177]Linear parameters describe the characteristics of the drainage network and stream system. These include watershed area, perimeter, basin length, stream order, stream number, stream length, mean stream length, stream length ratio, bifurcation ratio, and rho coefficient. These parameters were calculated using standard formulae (Table 1).
1. Watershed Area (A)
Watershed area (A) is the area enclosed within the watershed boundary; directly influences streamflow.
2. Watershed Perimeter (P)
It is defined as the length of the watershed boundary along the ridge line.
3. Length of Watershed ()
It is the extended linear dimension of the basin collateral to the principal drainage line which travels the largest quantity of stream flow (Schumm., 1956).
4. Stream Order (u)
The stream order represents the degree of stream branching within watershed. Horton (1945) first introduced it. Strahler (1957) defines first order streams as the smallest tributaries with no branching. When two first order streams come together, a second order channel segment is generated. A third order stream appears when two 2nd order streams connect and so on in that manner main channel discharges a large quantity of water indicated as the highest order stream of a drainage basin.
5. Stream Number (Nu)
The number of streams of each order in a given watershed is known as stream number. Horton (1945) stated that the inverse geometric sequence forms between the order-wise number of stream segments with order number.
6. Stream Length (Lu)
Stream length (Lu) for the watershed has been calculated using Horton law. Stream length describes the surface runoff characteristics of a basin. The stream having smaller length is indicative of areas with larger slopes with finer textures whereas longer streams with relatively larger length are characteristics of flatter gradient.
7. Mean Stream length(Lum)
Mean stream length is a ratio of the Mean stream length of a given order to the mean stream length of next lower order (Horton, 1945). The value of Lum increases as the order number increases.
8. Stream length ratio(Rl)
Horton (1945) defined the stream length ratio, Rl, as the ratio of mean length, Lu of segments of order u to mean length of segments of the immediate lower order,-
9. Bifurcation Ratio(Rb)
It is the ratio between total numbers of streams in a one order (Nu) to the number of next higher order (Nu + 1) (Schumm., 1956). It can be measures surface water potential and hydrographs of a watershed (Jain et al.,  2000). 
10. Rho coefficient()
Rho coefficient is calculated by dividing the stream length ratio to the bifurcation ratio. The relation between the drainage density and physiographic development of basin is determined by Rho coefficient (Horton., 1945). 
Table 1. Formulas for calculating different Linear parameters
	Sr No.
	Morphometric
parameters
	Estimation method/formula
	Unit
	Range
	References

	Linear Aspects

	1
	Watershed Area )
	QGIS Software
	Sq.km
	-
	-

	2
	Watershed Perimeter )
	QGIS Software
	km
	-
	-

	3
	Length of the Watershed)
	QGIS Software
	km
	-
	-

	4
	Stream Order (u)
	Hierarchical rank
	-
	-
	Strahler (1957)

	5
	Stream Number (Nu)
	QGIS Software
	-
	-
	Horton (1945)

	6
	Stream length (Lu)
	Lu= Lu1+Lu2+………+Lun
	km
	-
	Horton (1945)

	7
	[bookmark: _Hlk171196329]Mean Stream length (Lu)
	Lu =
	km
	-
	Strahler
 (1957)

	8
	[bookmark: _Hlk171196557]Stream length ratio (Rl)
	Rl=
	Dimensionless 
	-
	Horton (1945)

	9
	[bookmark: _Hlk171196843]Bifurcation Ratio(Rb)
	Rb=
	Dimensionless 
	Range  of  3  to  5
	Schumm (1956), Strahler  (1957)

	10
	Rho coefficient(
	
	Dimensionless 
	0 to 1
	Horton (1945)



     2.5.2. Areal parameters
The areal parameters of drainage morphometric analysis encompass quantitative indices that describe the spatial configuration and hydrological behavior of a drainage basin. These include the form factor, Circularity ratio, elongation ratio, shape index drainage density, stream frequency, textural ratio, drainage intensity and asymmetric factor. The areal morphometric parameters were derived using established mathematical formulations, with their detailed computational expressions provided in Table 2.
1. [bookmark: _Hlk219062522]Form factor (Ff)
Form factor is expressed as the ratio of the watershed area to the square of the basin length (Horton, 1932). Lower values of this parameter indicate a more elongated basin shape, whereas higher values suggest a relatively compact basin. Basins with higher form factor values tend to produce higher peak flows over shorter durations.
2. Elongation ratio (Re)
Schumm (1956) described the elongation ratio as the ratio between the diameter of a circle having the same area as the drainage basin and the basin’s maximum length. Typically, Re values range from 0.6 to 1.0 across diverse climatic and geological conditions.
3. Circularity ratio (Rc)
The circularity ratio is a dimensionless parameter that reflects the extent to which a drainage basin approaches a circular shape. It is comparable to the elongation ratio in representing basin form and is defined as the ratio of the basin area to the area of a circle having the same perimeter as the basin (Miller, 1953). 
4. Shape index (Sw)
[bookmark: _Hlk219389287][bookmark: _GoBack]The shape factor is defined as the inverse of the form factor and is expressed as the ratio of the square of basin length to the basin area (Horton, 1945). This parameter is of considerable hydrological significance, as it exerts a strong influence on streamflow dynamics and sediment transport processes along the flow path (Sangma and Guru, 2020).
5. Drainage density (Dd)
[bookmark: _Hlk219389402]Drainage density is the ratio of total stream length of all the orders per unit basin area (Horton.,1945). Dd is a numerical measure of landscape dissection and runoff potential (Chorley., 1969). 
6. Drainage Intensity (Di)
[bookmark: _Hlk219062558]Drainage intensity is the proportion of stream frequency to the drainage density (Faniran., 1968).
7. Stream frequency (Fs)
[bookmark: _Hlk219882969]Stream frequency of a basin is defined as the number of streams per unit area( Horton .,1945). stream frequency indicates high permeable geology and low relief (Soni et al., 2013).
8. [bookmark: _Hlk219712277]Texture ratio (Rt)
Texture ratio (Rt) is defined as the ratio of the total number of first-order streams to the perimeter of the basin. It serves as an indicator of the degree of boundary irregularity or surface roughness within a watershed.
9. Drainage texture (Dt)
[bookmark: _Hlk219712427]Drainage texture is defined as the ratio of the total number of stream segments, across all stream orders, to the perimeter of the drainage basin (Horton, 1945). On the basis of this index, Smith (1950) classified drainage texture into five distinct categories: values less than 2 indicate very coarse texture; values between 2 and 4 represent coarse texture; values between 4 and 6 correspond to moderate texture; values between 6 and 8 denote fine texture; and values greater than 8 are classified as very fine drainage texture.
10. Compactness coefficient (Cc)
Strahler (1964) defined compactness coefficient as the ratio of watershed perimeter to perimeter of a circle of a watershed area. It is greater than or equal to unity, in which value 1 indicates that basin has perfectly circular shape and greater value indicate more deviation from the circular shape of basin (Horton.,1945)
11. [bookmark: _Hlk219712476]Constant of channel maintenance (C)
Schumm (1956) has used the inverse of the drainage density having the dimension of length as a property termed constant of channel maintenance. It indicates magnitude of drainage basin surface area required to sustain one linear km of length stream segment.
12. [bookmark: _Hlk219712497]Length of overland flow (Lg)
[bookmark: _Hlk219712600]Horton (1945) described the length of overland flow as the horizontal distance travelled by surface runoff from the drainage divide to the nearest stream channel before it becomes channelized. This parameter plays a significant role in influencing both the hydrological response and the physiographic evolution of a watershed.
13. Infiltration number (If)
[bookmark: _Hlk219712622]It is calculated as the product of drainage density (Dd) and stream frequency (Sf). This parameter shows an inverse relationship with infiltration capacity and a direct influence on surface runoff (Faniran, 1968).
14. Lemniscate ratio (k)
[bookmark: _Hlk219712643]The lemniscate ratio (k) is an index used to evaluate the deviation of a watershed’s shape from an ideal figure-eight (lemniscate) form. It is expressed as the ratio of the basin length measured along the main channel to the total area of the watershed (Chorley, 1957).
15. Asymmetry Factor (Af)
The asymmetry factor (Af) is used to identify tectonic tilting perpendicular to the direction of flow within a drainage basin (Sangma and Balamurugan, 2017). An Af value of 50% indicates that the drainage system is in a stable and balanced condition
Table 2. Formulas for calculating different Areal parameters
	Sr No.
	Morphometric
parameters
	Estimation method/formula
	Unit
	Range
	References

	Areal Aspects

	1
	Form factor (Ff)
	Ff = 
	Dimensionless 
	0 to 1
0= strongly elongated shape
1= circular shape
	Horton (1945)

	2
	[bookmark: _Hlk170851776]Elongation ratio (Re)
	=
	Dimensionless 
	0 = Highly elongated
1 = circular
	Schumm (1956), 
Strahler  (1957)

	3
	Circularity ratio (Rs)
	Rs=4
	Dimensionless 
	0 = in  line
1= circle
	Chougale and Jagdish (2017), Miller (1953)

	4
	[bookmark: _Hlk171015683]Shape index (Sw)
	Sw=
	Dimensionless 
	Greater than 1
	Horton (1945)

	5
	[bookmark: _Hlk171020345]Drainage density (Dd)
	Dd=
	km/km2
	0.55 to 2.09
(Humid region).
	Horton (1945), Joji et al.(2013).

	6
	[bookmark: _Hlk171023743]Drainage Intensity (Di)
	
	Km-1
	-
	Faniran (1968)

	7
	[bookmark: _Hlk171024901]Stream frequency (Fs)
	Fs=
	km-2
	-
	Horton (1945)

	8
	Texture ratio (Rt)
	Rt=
	Dimensionless 
	-
	Ozdemir and Bird (2009)

	9
	[bookmark: _Hlk171072002]Drainage texture (Dt)
	Dt= 
	km-1
	>  8 = very  fine.
6–8= fine,  4–6= moderate
2–4 =coarse
And
< 2= very coarse
	Horton (1945), Smith (1950)

	10
	[bookmark: _Hlk171073689]Compactness coefficient (Cc)
	Cc =
	Dimensionless 
	𝐶𝑐 varies with ≥1
1= Circular
>1=Deviation from circular shape
	Strahler (1957)

	11
	[bookmark: _Hlk171074370]Constant of channel maintenance (C)
	
	km2/km
	-
	Schumm (1956)

	12
	[bookmark: _Hlk171075789]Length of overland flow (Lg)
	
	km
	<0.2 km= Short  flow  length
0.2 to 0.3 km= moderate condition
>0.3 km= Longer  flow  path
	Chandrashekar et   al.   (2015),Horton (1945)

	13
	[bookmark: _Hlk171098877]Infiltration number (If)
	
	Number/km3
	-
	Faniran (1968)

	14
	[bookmark: _Hlk171102026]Lemniscate ratio (k)
	
	Dimensionless 
	-
	Chorley (1957)

	15
	[bookmark: _Hlk171105997]Asymmetry Factor (Af)
	
	Percentage
	AF > 50% tilting left downstream
AF < 50%=  titling right Downstream
	Gardner et al.(1987)



      2.5.3. Relief parameters
Relief parameters in morphometric analysis represent the degree of elevation variation and the overall topographic energy of a watershed. These characteristics are typically assessed using indices such as basin relief, relief ratio, relative relief, and ruggedness number. In this study, all relief-related morphometric parameters were calculated using established geomorphological equations, with their detailed formulations provided in Table 3.
1. Basin relief (H)
Basin relief refers to the difference in elevation between the highest point (Hmax) and the lowest point (Hmin) within a drainage basin (Hadley and Schumm., 1961).
2. Relief Ratio (Rr)
Relief ratio is a dimensionless parameter defined as the ratio of total basin relief to basin length, and it serves as an indicator of the overall slope characteristics of a watershed (Schumm., 1956).
3. Relative Relief (Rhp)
Relative relief is determined using the formulation proposed by Melton (1957). It is expressed as the percentage ratio of the maximum basin relief to the basin perimeter
4. Ruggedness Number (Rn)
The ruggedness number is a dimensionless parameter calculated as the product of basin relief and drainage density. Higher values of this index are typically associated with mountainous or hilly terrains, whereas lower values are characteristic of relatively flat regions.
Table 3. Formulas for calculating different Relief parameters
	Sr No.
	Morphometric
parameters
	Estimation method/formula
	Unit
	Range
	References

	Relief Aspects

	1
	Basin relief (H)
	H=Hmax - Hmin
	m
	< 500 m= low ,
500–850 m= moderate ,
> 850 m= high
	Hadley and Schumm (1961), Prabhakaran and Raj.( 2018).

	2
	Relief Ratio(Rr)
	
	Dimensionless 
	-
	Schumm (1956)

	3
	Relative Relief(Rhp)
	
	Dimensionless 
	-
	Melton (1957)

	4
	[bookmark: _Hlk171175137]Ruggedness Number(Rn)
	= H
	Dimensionless 
	0 to 1
Near to 0= Smooth surface
Nearer to 1= Rough surface
	Strahler (1957)



3. Results and Discussion
The hydrological response of the watershed was evaluated using morphometric characteristics, including linear, areal, and relief parameters. Table 7 presents the complete set of morphometric results derived through GIS-based analysis and standard computational methods, and the detailed interpretation of these parameters is discussed in the following sections.
3.1. Linear morphometric parameters
1. Watershed Area: The total drainage area of the basin was estimated to be 151 km².
2. Watershed Perimeter: The computed perimeter is 77.74 km, which reflects the overall shape, boundary complexity, and spatial extent of the watershed.
3. Watershed Length: The length of the study watershed was measured as 13 km.
4. Stream Order: The drainage network extracted from the CARTOSAT DEM indicates that the basin reaches up to fifth-order streams, reflecting a well-organized and mature fluvial system. The spatial distribution of stream orders is illustrated in Figure 5.
5. Stream Number: The watershed contains a total of 94 stream segments, including 69 first-order, 17 second-order, 5 third-order, 2 fourth-order, and 1 fifth-order streams. The logarithmic relationship between stream order and stream number demonstrates an inverse geometric pattern, forming an approximately linear trend (Figure 3). This behavior suggests a fairly uniform lithological composition within the basin. The consistent reduction in stream frequency with increasing order reflects the gradual merging of flow paths, governed by runoff accumulation, channel network evolution, and the underlying structural and geomorphic characteristics of the watershed.
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    Figure 3. Graphical representation of log10 of stream number V/s stream order
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Figure 4. Digital Elevation Model map of Shastri watershed
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Figure 5. Stream order map of Shastri watershed
6. Stream length and Mean stream length: The calculated values of stream length and mean stream length are presented in Table 4.
Table 4. Computed values of Stream Order, Stream Number, and Stream Length
	Stream Order(u)
	Stream Numbers(Nu)
	Stream Length (km)
	Mean Stream Length(km)

	I
	69
	70.97
	1.03

	II
	17
	32.58
	1.92

	III
	5
	19.68
	3.94

	IV
	2
	11.07
	5.54

	V
	1
	3.58
	3.58

	Total
	94
	137.88
	

	Mean
	
	27.58
	3.20



7. Stream Length ratio : The calculated stream length ratios for successive stream orders are 0.46 (II/I), 0.60 (III/II), 0.56 (IV/III), and 0.32 (V/IV). The stream  length  ratio  from  DEM  suggests  an  area  in  its  early geomorphic stages  with  a  high  potential  for  future  changes and non-uniform hydrological behavior(Neelam kumari et al., 2023). The corresponding values of the stream length ratio are presented in Table 5.
Table 5. Values of stream length ratio for watershed
	Stream order
	Stream Length Ratio

	II/I
	0.46

	III/II
	0.60

	IV/III
	0.56

	V/IV
	0.32

	Mean
	0.49



8. Bifurcation ratio: In this study, the bifurcation ratio varies between 2.00 and 4.06, with an average value of 2.99. Such values indicate that the watershed is characterized by moderately to highly dissected and undulating terrain conditions. The detailed bifurcation ratio values are presented in Table 6.
Table 6.  Values of Bifurcation ratio for watershed
	Stream Order
	Bifurcation Ratio(Rb)

	I/II
	4.06

	II/III
	3.4

	III/IV
	2.5

	IV/V
	2

	Mean
	2.99



9. Rho Coefficient: The value of 0.16 of Rho coefficient indicate less hydrologic storage.

3.2. Areal morphometric parameters
1. Form factor: The computed form factor 0.29 indicates that the watershed possesses an elongated basin configuration.
2.  Elongation ratio: The elongation ratio of 0.35 reflects an elongated basin morphology with moderate slope characteristics.
3. Circularity ratio: The Circularity ratio  0.31 further confirms the elongated nature of the watershed and suggests relatively uniform geological conditions.
4. Shape index: The shape index value of 3.41 indicates a high degree of basin elongation.
5. Drainage density: The drainage density 0.91 km/km² is low, implying the presence of permeable subsurface materials.
6. Drainage Intensity : The drainage intensity value 0.68 km⁻¹ is low, suggesting susceptibility to flash flooding during high-intensity rainfall events.
7. Stream frequency: The stream frequency 0.62 km⁻¹is low, indicating dominance of permeable geological formations within the watershed.
8. Texture ratio: The texture ratio value of 0.89 indicates a fine drainage texture.
9. Drainage Texture: The drainage texture 6.88 km⁻¹classifies the basin under the fine drainage texture category.
10. Compactness coefficient: The value 1.10 indicates low structural disturbance and a mature to old geomorphic stage of basin development.
11. Constant of channel maintenance: The computed value of 1.10 suggests that the basin has experienced relatively low structural disturbance and has reached a mature to old geomorphic stage.
12. Length of overland flow: The estimated value 0.55suggests moderate runoff generation due to appreciable infiltration capacity and longer  flow  path.
13. Infiltration number: The infiltration number 0.57indicates moderate runoff conditions supported by adequate infiltration.
14. Lemniscate ratio : The calculated value 0.85 reflects a favorable basin geometry with better flood attenuation potential.
15. Asymmetry Factor: The asymmetry factor 17.69% indicates relatively higher slope development on the right side of the basin compared to the left.

3.3.Relief morphometric parameters
1. Basin relief: In the present investigation, the maximum basin relief was estimated to be 960.95 m. This reflects pronounced topographic variation and suggests the presence of significant vertical dissection.
2. Relief Ratio : The relief ratio of the study area was computed as 0.04, which implies a relatively elongated basin configuration with a gentle overall slope, influencing runoff characteristics and drainage efficiency.
3. Relative Relief: The relative relief value was found to be 1.23, indicating moderate to high terrain steepness. This suggests a greater susceptibility to erosion processes and enhanced surface runoff.
4. Ruggedness Number: The ruggedness number was calculated as 0.88, signifying a moderately high degree of terrain roughness. This reflects considerable topographic irregularities and the presence of sharp geomorphic features within the watershed.

Table 7. Computed results of morphometric analysis of Shastri watershed
	Sr No.
	Morphometric
parameters
	Unit
	Result

	A. Linear Aspects

	1
	Watershed Area )
	Sq.km
	151

	2
	Watershed Perimeter )
	km
	77.74

	3
	Length of the Watershed)
	km
	13

	4
	Stream Order (u)
	Dimensionless 
	1 -5

	5
	Stream Number (Nu)
	Dimensionless 
	94

	6
	Stream length (Lu)
	km
	As given in Table

	7
	Mean Stream length (Lu)
	km
	As given in Table

	8
	Stream length ratio (Rl)
	Dimensionless 
	As given in Table

	9
	Bifurcation Ratio(Rb)
	Dimensionless 
	As given in Table

	10
	Rho coefficient(
	Dimensionless 
	0.16

	B.  Areal Aspects

	1
	Form factor (Ff)
	Dimensionless 
	0.89

	2
	Elongation ratio (Re)
	Dimensionless 
	0.60

	3
	Circularity ratio (Rs)
	Dimensionless 
	0.31

	4
	Shape index (Sw)
	Dimensionless 
	1.12

	5
	Drainage density (Dd)
	km/km2
	0.91

	6
	Drainage Intensity (Di)
	km-1
	0.62

	7
	Stream frequency (Fs)
	km-2
	0.89

	8
	Texture ratio (Rt)
	Dimensionless 
	6.88

	9
	Drainage texture (Dt)
	km-1
	0.00

	10
	Compactness coefficient (Cc)
	Dimensionless 
	1.79

	11
	Constant of channel maintenance (C)
	km2/km
	1.10

	12
	Length of overland flow (Lg)
	km
	0.55

	13
	Infiltration number (If)
	Number/km3
	0.57

	14
	Lemniscate ratio (k)
	Dimensionless 
	0.28

	15
	Asymmetry Factor (Af)
	Percentage
	0.68

	C. Relief Aspects

	1
	Basin relief (H)
	m
	960.95

	2
	Relief Ratio(Rr)
	Dimensionless
	0.07

	3
	Relative Relief(Rhp)
	Dimensionless
	1.23

	4
	Ruggedness Number(Rn)
	Dimensionless
	0.88





4. Conclusion
The qualitative morphometric analysis of the watershed was carried out and it reveals that its hydrological response is strongly governed by basin geometry, drainage characteristics, and relief conditions. The watershed analysis shows an elongated basin (area 151 sq.km, perimeter 77.74 km, length 13 km) with 5th-order streams (Nu=94, Rb moderate, ρ=0.16). Low form factor (0.89), elongation ratio (0.60), and Circularity ratio (0.31) indicate elongated shape of basin. Moderate drainage density (0.91 km/km²), stream frequency (0.89 km⁻²), and infiltration number (0.57) suggest permeable soils with limited runoff under normal rain. High basin relief (960.95 m), relief ratio (0.07), relative relief (1.23), and ruggedness number (0.88) enhance erosion potential during intense storms. Asymmetry factor (0.68%) shows uneven slope development. Overall, the basin exhibits moderate-high runoff potential with rapid flow concentration, requiring soil conservation measures. These findings highlight the need for appropriate watershed management and soil conservation measures to mitigate runoff-induced impacts.
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