


Original Research Article
Soil erosion-based sub-basin prioritization in an Intermittent River Basin Using Morphometric Analysis: A case study of Jirgo River Basin,
Central India


	Abstract
River basins provide essential ecological services, yet their management remains inadequate, particularly for intermittent rivers. Limited financial and human resources further hinder effective planning and conservation efforts. Prioritizing sub-basins based on morphometric analysis is a strategic approach to ensuring the sustainable management of these water systems. This study conducted a comprehensive morphometric analysis of the Jirgo River basin in Mirzapur, Uttar Pradesh, India, covering approximately 640 sq. km across the Upper Vindhyan range and the marginal Ganga plain. The analysis examined twenty-two morphometric parameters, including linear, areal, and relief aspects, across five delineated sub-basins to assess their susceptibility to soil erosion. Results revealed drainage density values ranging from 0.55 to 2.04, indicating highly permeable subsoil conditions, dense vegetation cover, and coarse drainage texture. These characteristics suggest low relief, high infiltration capacity, reduced surface runoff, and significant groundwater potential throughout the basin. However, the elevated ruggedness number (0.42) and relief ratio (5.83) indicate the basin's vulnerability to soil erosion processes. Through morphometric prioritization analysis based on twenty-two parameters, the Barhi Nadi sub-basin was identified as high-risk, while Kalkalia Nala and Jaugarh Nadi exhibited medium risk, and Magardaha Nala and Chakra Nala showed low risk of soil erosion. The assessment indicates that soil erosion susceptibility, limited surface flow, minimal relative relief, an underdeveloped drainage network, and an elongated basin configuration characterize the Jirgo Basin. These findings provide a scientific basis for decision-makers to implement targeted soil conservation measures and develop effective sub-basin management strategies to mitigate soil erosion and enhance basin sustainability.
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1. [bookmark: _Hlk216278860]INTRODUCTION
[bookmark: _Hlk216278879]Water resource management has become increasingly critical in regions characterized by intermittent river systems—waterways that alternate between periods of flow and dryness. These rivers contain running water during specific seasons, particularly following significant rainfall but frequently dry up during drier periods (Kalogianni, 2017). These intermittent rivers and ephemeral streams (IRES) do not maintain consistent flow throughout the year (Datry, 2017). Water and land resources face unprecedented pressure due to growing global populations and increasing development demands (Schumm, 1956). This pressure is especially acute in India, where effective management and conservation of these finite resources have become imperative for sustainable development (Bharath et al., 2020; Nooka et al., 2005; Kudner et al., 2020). River basins in semi-arid and arid regions face particularly severe challenges, as surface water scarcity compounds the effects of over-exploitation, altering river flows, sediment loads, and basin morphology (Sreedevi et al., 2013; Singh et al., 2021). 
River basins represent foundational erosional landscape features where land and water bodies distinctly intersect (Rai et al., 2017; Arulbalaji and Padmalal, 2020). They play essential roles in soil and water conservation, with proper basin management mitigating numerous environmental challenges, including drought, flooding, soil degradation, and diminished sustainable yield (Poongodi et al., 2018; Rahmati et al., 2019). Effective management strategies require a comprehensive understanding of basin characteristics and dynamics.
Morphometric analysis has emerged as a powerful quantitative approach for characterizing drainage basin features and addressing key issues in hydrological studies. This methodology enables the prioritization of micro-basins for targeted water resource management interventions (Thomas et al., 2010; Singh et al., 2014; Chandrashekar et al., 2015). The technique involves the evaluation of essential drainage parameters, including stream ordering, basin area and perimeter, drainage density (Dd), bifurcation ratio (Rb), stream length ratio (RL), and relief ratio (Rh) (Moid et al., 2019; Sahu et al., 2023; Ali et al., 2024). Modern approaches utilize Digital Elevation Models (DEMs), Geographic Information System (GIS) tools, and specialized mathematical equations to enable precise measurement and computation of basin parameters, enhancing hydrological modelling and watershed management strategies (Thomas et al., 2012; Sujatha et al., 2013). Recent advances in remote sensing and GIS technologies have revolutionized morphometric analysis capabilities. Several studies have demonstrated the efficacy of these tools. Rai et al. (2017) utilized ASTER DEM data to characterize the Son River basin, while Panda et al. (2019) analyzed the Ken River basin using SRTM DEM and topographical maps. Singh et al. (2023) employed these technologies for sub-watershed prioritization in the Shyamari River Basin. Abdelgawad et al. (2024) mapped flood hazards in Egypt's Red Sea Region using GIS-based morphometric analysis. Similarly, Khandour and Bensefia (2024) evaluated morphometric characteristics in the Boussaada Wadi Sub-Basin in Algeria. These technologies consistently outperform conventional data-processing techniques in managing land and water resources (Rao et al., 2010; Prakash et al., 2019; Arulbalaji & Padmalal, 2020; Mahala, 2020). Integrating Remote Sensing with GIS and GPS technologies improves the management of land and water resources, outperforming conventional data-processing techniques (Rao et al., 2010; Rai et al., 2017).
Despite these advances, a significant research gap exists in applying comprehensive morphometric analysis to intermittent river systems in Central India, particularly concerning soil erosion risk assessment and sub-basin prioritization. The Jirgo River Basin, located in the Vindhyan Range, is an ecologically significant yet vulnerable intermittent river system that has not been adequately studied using modern geospatial techniques. This study addresses this gap by utilizing remote sensing and GIS technology to compute various morphometric parameters (linear, areal, and relief aspects) of the Jirgo River Basin and prioritize its sub-basins based on soil erosion risk through morphometric analysis. The findings provide essential insights to stakeholders in water resource planning and basin management while contributing to a broader understanding of intermittent river systems in the semi-arid regions of Central India.
2. STUDY AREA
[image: ]The Jirgo River Basin is situated in the middle Ganga plain. The river originates in Marihan tehsil and flows through Chunar in Mirzapur District before joining the River Ganga. The river spans a total length of 180 km. Geographically, the basin extends from 24°51′N to 25°12′N latitude and 82°44′E to 83°05′E longitude (Figure 1). A significant feature of the basin is the Jirgo Dam (also known as Jirgo Lake), which was constructed in 1959 and is crucial in supporting aquatic biodiversity and maintaining the riverine ecosystem. The surrounding landscape is characterized by dense, rich forests that provide habitats for diverse plant and animal species. This ecosystem also serves as the traditional homeland for several tribal and indigenous communities, making it ecologically and culturally significant.Figure 1 Location map of the Study Area

3. METHOOLOGY
3.1 DATA COLLECTION
Topographical maps on a 1:50000 scale were procured from the Survey of India and served as a fundamental reference for drainage delineation. These sheets were subsequently georeferenced using ArcGIS software to establish precise coordinates aligned with the Universal Transverse Mercator (UTM) projection system. To derive the Digital Elevation Model (DEM), high-resolution Shuttle Radar Topography Mission (SRTM) 30 m data were obtained from the United States Geological Survey (USGS) Earth Explorer portal (https://earthexplorer.usgs.gov/). The Jirgo River Basin boundary was delineated by integrating SOI toposheet information and DEM-based hydrological modelling. Before analysis, the DEM underwent pre-processing, including sink filling and hydrological corrections, to eliminate depressions and ensure accurate flow direction modelling (Table 1). The refined DEM was subsequently used for the extraction, computation, and spatial analysis of morphometric parameters, forming the basis for hydrological inferences and sub-basin prioritization. All morphometric analyses followed established methodological frameworks (Horton, 1945; Strahler, 1964) to ensure analytical rigour and consistency with existing literature.
Table 1. Data used in the study
	Sl. No.
	Data
	Details of Data
	Source

	1.
	Toposheets
	63L/1, 63L/13, 63O/4, 63K/16
	Survey of India (SOI), Dehradun, India

	2.
	SRTM DEM
	1 Arc (30m)
	https://earthexplorer.usgs.gov/


3.2 EXTRACTION OF THE DRAINAGE NETWORK
Conventional techniques for mapping drainage networks and watershed boundaries using topographic maps are time-consuming and labour-intensive, especially for extensive river systems. To overcome these limitations, a GIS-based automated approach was employed in this study to extract the drainage network and sub-basin delineation accurately. A combination of the Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (DEM) and Survey of India (SOI) toposheets was used to establish a spatial database and compute morphometric parameters. To ensure spatial accuracy, the SOI toposheets were georeferenced, mosaicked, and geometrically corrected. DEM-based hydrological tools in ArcGIS were then applied to delineate the drainage network, involving sequential processing through fill sinks, flow direction, flow accumulation, stream definition, stream order, and stream-to-feature tools. A threshold value was set to define stream initiation, a critical factor in ensuring alignment between extracted and actual drainage patterns (Arulbalaji & Padmalal, 2020; Mueller, 1968). Higher threshold values yield sparse drainage networks, whereas lower values increase stream density, requiring repetitive adjustments to optimize accuracy (A.U. et al.,2021; Mueller, 1968). Later, the watershed tool available in the ArcGIS spatial analyst toolbar was used to extract the boundary of the Jirgo Basin from the SRTM DEM data. The extracted stream network was validated by overlaying it onto the SOI toposheets and performing a visual comparison to ensure consistency. Discrepancies were resolved by refining the threshold value and re-executing the extraction process (Said et al., 2018; Javed et al., 2011). For a comprehensive morphometric analysis, the Jirgo River Basin was further segmented into sub-basins through strategic pour point placement based on stream confluence patterns and topographic characteristics (Bharath et al., 2021; Said et al., 2018).
3.3 COMPUTATION OF MORPHOMETRIC PARAMETERS
Morphometric analysis provides critical insights into a river basin's physiographic and hydrological characteristics that influence surface runoff, infiltration, and soil erosion (Bharath et al., 2021). Using SRTM DEM data and GIS software, various morphometric indices were computed and further classified into linear, areal, and relief aspects following established methodologies (Horton, 1932, 1945; Strahler, 1964). All the morphometric parameters were computed using the mathematical equations outlined in Table 2.
3.4 PRIORITIZATION OF SUB-BASIN
[image: ]Sub-basin prioritization was conducted using the compound parameter (Cp) method, a widely recognized approach for ranking basins based on erosion and flooding susceptibility (Gajbhiye et al., 2013; Malik et al., 2019). This method integrates multiple morphometric parameters categorized into linear, areal, and relief aspects, each influencing the erosion potential differently. Linear and relief parameters, such as drainage density, bifurcation ratio, and relief ratio, exhibit a positive correlation with erosion, while areal parameters like elongation ratio and circularity ratio show an inverse relationship, with lower values indicating higher erosion risk. Each sub-basin was ranked based on its morphometric characteristics, with higher ranks assigned to more erosion-prone values. The compound parameter (Cp) value was calculated as the mean rank of all morphometric parameters, with lower Cp values indicating higher priority sub-basins in need of intervention (Malik et al., 2019; Sutradhar & Mondal, 2022). Subsequently, GIS-based spatial analysis was utilized to categorize the sub-basins into high, medium, and low-priority zones, facilitating targeted conservation measures such as afforestation, soil conservation, and groundwater recharge to enhance basin resilience. The Methodological Framework of this entire study is illustrated in Figure 2.Figure 2 Methodological Framework of the Study




Table 2. Formulae for computing morphometric parameters
	[bookmark: _Hlk179836357]S.N.
	Parameters
	Formula
	Unit
	Reference

	Linear Parameters

	1. 
	Stream Order (U)
	Hierarchy-based ranking of streams.
	Dimensionless
	Strahler (1952)

	2. 
	No. Of streams ()
	Nu = N1+N2+...+Nn (Total no of streams of the basin)
	Dimensionless
	Horton (1945)

	3. 
	Length of streams ()
	Total Length of the stream segments of that particular order
	Km
	Horton (1945)

	4. 
	Mean stream length ()
	
	Km
	Strahler (1964)

	5. 
	Bifurcation ratio ()
	
  =Total number of stream segments of order ‘u’
= Total Number of stream segments of the next higher order
	Dimensionless
	Schumm (1956)

	6. 
	Mean bifurcation ratio ()
	
	Dimensionless
	Strahler (1964)

	7. 
	Stream Length ratio ()
	
= Total stream length of order ‘u
= Total stream length of next lower order
	Dimensionless
	Horton (1945)

	8. 
	Rho Coefficient (ρ)
	
	Dimensionless
	Horton (1945)

	9. 
	Mean Stream Length ratio (
	
	Dimensionless
	Strahler (1964)

	10. 
	Drainage density ()
	
A = area of the basin.
	Km-1
	Horton (1932)

	11. 
	Stream Frequency ()
	
	Km−2
	(Horton 1945)

	12. 
	Texture ratio (T)
	
P = perimeter of the basin
	Dimensionless
	Horton (1945)

	13. 
	Infiltration Number ()
	

	Dimensionless
	Faniran (1968)

	14. 
	Length of overland flow ()
	
	Km
	Horton (1945)

	15. 
	Drainage Intensity ()
	
	Dimensionless
	Faniran (1968)

	Areal Parameters

	16. 
	Basin area (A)
	GIS analysis / DEM
	Km2
	Schumm (1956)

	17. 
	Basin length () 
	
	Km
	Schumm (1956)

	18. 
	Perimeter (P) 
	GIS analysis / DEM
	Km
	Schumm (1956)

	19. 
	Circularity ratio ()
	
	Dimensionless
	Miller (1953)

	20. 
	Elongation ratio ()
	
	Dimensionless
	Schumm (1956)

	21. 
	Form Factor ()
	
	Dimensionless
	Horton (1932)

	22. 
	Compactness constant ()
	
	Dimensionless
	Gravelius (1914)

	23. 
	Shape factor ()
	
	Km
	Nookaratnam (2005)

	24. 
	Constant of channel maintenance (C)
	

	Dimensionless
	Horton (1945)

	25. 
	Lemniscate's (k)
	
	Dimensionless
	Chorley (1957)

	26. 
	Fitness ratio ()
	
Cl = Length of Basin Perimeter
	Dimensionless
	Melton (1957)

	27. 
	Standard sinuosity index ()
	 
Ci = channel index
Vi = valley index
	Dimensionless
	Mueller (1968)

	Relief Parameters

	28. 
	Basin relief (H)
	                             H = Z–z
Z = Elevation of the highest point in the basin
z = Elevation of the lowest point in the basin
	Meter
	Strahler (1952)

	29. 
	Relief ratio ()
	
	Meter
	Schumm (1956)

	30. 
	Gradient ratio (Rg) 
	
Z= Elevation of the highest point in the basin
	Dimensionless
	Schumm (1956)

	31. 
	Ruggedness Number () 
	
	Dimensionless
	(Strahler, 1957)
Patton and Baker (1976)


3.5 RESULTS AND DISCUSSION
Using SRTM DEM data and the ArcGIS platform, the Jirgo River Basin was delineated and further divided into five sub-basins: Kalkalia Nala, Barhi Nadi, Magardaha Nala, Jaugarh Nadi, and Chakra Nala (Figure 3). The morphometric parameters were computed using standardized methods and formulae (Table 2), and the resulting values are presented in Tables 3, 4, and 5. The morphometric analysis of these sub-basins provides essential insights into the hydrological behaviour of the watershed, including drainage patterns, permeability, and stream health, as well as establishing relationships with underlying lithological features. The prioritization of sub-basins based on morphometric characteristics identifies areas requiring immediate conservation efforts, particularly those exhibiting higher drainage density, steep slopes, and lower infiltration capacity.
Water flows along the steepest descent, with the highest mean basin slopes observed in the Barhi and Magardaha regions. This highlights the ecohydrological significance of the upper catchments in shaping the stream network development, surface runoff dynamics, and flood generation processes (Fig. 3). The midstream zone, predominantly composed of granite formations and tropical deciduous forests, plays a critical role in regulating streamflow velocity, influencing soil erosion rates, sediment deposition, and hydrograph responses. Notably, west-facing slopes, receiving intense solar radiation during the afternoon, exhibit higher temperatures than their east-facing counterparts, which remain relatively sheltered. Hadley (1961) emphasized that the slope aspect induces microclimatic variations that substantially influence hillslope processes and the evolution of drainage basins. Moreover, aspect maps are an essential tool for analyzing the spatial distribution of vegetation types across landscapes (Singh et al., 2014). The shaded relief representation used in Fig. 3 captures the variation in elevation and slope, where lighter shades denote higher altitudes, and darker shades indicate lower elevations or shadowed areas. Such detailed topographic depictions are vital for understanding the basin morphology [image: ]and developing informed watershed management strategies.

Figure 3  Elevation map (A), slope map (B), hill shade map (C), and aspect map (D) of the study area
	
3.6 MORPHOMETRIC ANALYSIS OF JIRGO RIVER BASIN AND SUB-BASIN
3.6.1 LINEAR ASPECT
	Parameters
	Basin and Sub-Basins

	
	Jirgo River
	Kalkalia Nala
	Barhi Nadi
	Magardaha Nala
	Jaugarh Nadi
	Chakra Nala

	Stream number (Nu)
	1048
	298
	213
	57
	69
	68

	1st order (Nu1)
	802
	229
	165
	42
	51
	51

	2nd Order (Nu2)
	189
	52
	38
	11
	12
	13

	3rd Order (Nu3)
	42
	12
	7
	3
	5
	3

	4th Order (Nu4)
	11
	4
	2
	1
	1
	1

	5th Order (Nu5)
	3
	1
	1
	
	
	

	6th Order (Nu6)
	1
	
	
	
	
	

	Stream length (Lu)
	1105.57
	216.03
	253.41
	29.92
	27.10
	21.21

	1st order (Lu1)
	419.22
	162.60
	239.72
	20.75
	19.37
	16.53

	2nd Order (Lu2)
	160.02
	35.49
	9.06
	6.65
	3.07
	2.79

	3rd Order (Lu3)
	369.21
	16.17
	3.55
	1.88
	3.98
	1.51

	4th Order (Lu4)
	62.91
	1.07
	0.54
	0.64
	0.68
	0.38

	5th Order (Lu5)
	61.23
	0.7
	0.54
	
	
	

	6th Order (Lu6)
	32.98
	
	
	
	
	

	Bifurcation ratio (Rb)
	19.21
	15.73
	15.26
	10.47
	11.65
	11.25

	Nu1/Nu2 (Rb1)
	4.24
	4.40
	4.34
	3.81
	4.25
	3.92

	Nu2/Nu3 (Rb2)
	4.50
	4.33
	5.42
	3.66
	2.40
	4.33

	Nu3/Nu4 (Rb3)
	3.81
	3.00
	3.50
	3.00
	5.00
	3

	Nu4/Nu5 (Rb4)
	3.66
	4.00
	2.00
	
	
	

	Nu5/Nu6 (Rb5)
	3.00
	
	
	
	
	

	Stream Length ratio ()
	4.37
	1.4
	1.58
	0.94
	1.63
	0.96

	Lu2/Lu1 (Lb1)
	0.38
	0.22
	0.04
	0.32
	0.16
	0.17

	Lu3/Lu2 (Lb2)
	2.31
	0.46
	0.39
	0.28
	1.30
	0.54

	Lu4/Lu3 (Lb3)
	0.17
	0.07
	0.15
	0.34
	0.17
	0.25

	Lu5/Lu4 (Lb4)
	0.97
	0.65
	1.00
	
	
	

	Lu6/Lu5 (Lb5)
	0.54
	0.00
	0.00
	
	
	

	Mean stream length (Lsm)
	1.05
	0.72
	1.18
	0.52
	0.39
	0.31

	Mean bifurcation ratio (Rbm)
	3.84
	3.93
	3.81
	3.49
	3.88
	3.75

	Mean Stream Length ratio (Rslm)
	2.35
	5.85
	9.14
	3.19
	4.30
	3.91

	Rho Coefficient (ρ)
	0.61
	1.49
	2.40
	0.91
	1.11
	1.04

	Drainage density (Dd)
	1.72
	1.28
	2.04
	0.98
	0.7
	0.55

	Stream Frequency (Fs)
	1.64
	1.77
	1.72
	1.88
	1.79
	1.80

	Texture ratio (T)
	6.09
	3.34
	3.38
	2.00
	1.79
	2.09

	Infiltration Number (If)
	2.82
	2.27
	3.51
	1.84
	1.25
	0.99

	Length of overland flow (Lo)
	0.29
	0.39
	0.25
	0.51
	0.71
	0.91

	Drainage Intensity (Di)
	0.95
	1.38
	0.84
	1.92
	2.56
	3.27


Table 3. Linear Aspect of the Jirgo river basin and sub-basins



Stream order (u)
Hierarchically classifying streams is fundamental for understanding a drainage basin's structural and hydrological characteristics. In this study, Strahler's (1964) stream ordering method was applied, where the smallest unbranched channels were designated as first-order streams, and higher-order streams formed at the junction of lower-order streams (Leopold et al., 2020). The Jirgo River Basin exhibits a sixth-order drainage system, with most streams classified as first or second-order. The highest stream frequency was observed in these lower-order streams, gradually decreasing with the increasing stream order. A total of 1,048 streams were identified within the basin, distributed as follows: 802 (76.5%) first-order streams, 189 (18%) second-order streams, 42 (4%) third-order streams, 11 (1%) fourth-order streams, 3 (0.3%) fifth-order streams, and a single sixth-order stream (0.1%) (Table 3, Figure 3). The prevalence of lower-order streams indicates significant surface runoff and an early stage of basin development, characterized by steeper gradients and reduced infiltration capacity. As the highest-order stream, the main channel is essential in regulating drainage discharge and sediment movement within the basin (Haghipour & Burg, 2014).
[bookmark: _Hlk191990026]Stream numbers (Nu)
The stream number (Nu) measures the total number of stream segments in a particular order within a drainage basin. It serves as a critical indicator of the hydrological characteristics of the region (Yadav et al., 2014). This provides insights into the watershed's surface runoff behaviour, infiltration capacity, and overall geomorphological stability. A higher number of first-order streams typically signifies more excellent permeability and highly erodible topography, often associated with steep slopes and active erosion processes. Lower-order streams, on the other hand, have shorter lengths and are found in regions with steeper gradients and finer textures, indicating a youthful geomorphic stage.
This study computed the order-wise stream number using GIS-based techniques to ensure precision in drainage network analysis (Figure 4 and Table 3). The Jirgo River Basin has 1,048 streams, including 802 first-order, 189 second-order, 42 third-order, 11 fourth-order, three fifth-order, and one sixth-order stream. The dominance of first-order streams indicates that the basin's upper reaches are highly erodible, leading to significant downstream sediment transport (Singh and Awasthi, 2011). These erosional processes influence surface runoff characteristics in the lower reaches, contributing to hydrological variability and watershed responses. Understanding stream number distribution is essential for efficient watershed management, soil erosion control, and sustainable water resource planning.

[image: ]Length of streams (Lu)Figure 4 Stream order map of the study area

The Jirgo River Basin follows Horton's "law of stream length," displaying a geometric relationship between stream orders. Stream length is a fundamental morphometric parameter that provides insight into the characteristics of the drainage network and underlying lithology. Longer streams typically develop in permeable bedrock regions, while shorter streams indicate less permeable terrains with steeper gradients. First-order streams contribute the most cumulative length, ensuring a better drainage distribution than higher-order streams. The Jirgo Basin has a total stream length of 1105.57 km, with significant sub-basins like Kalkalia Nala (216.03 km), Barhi Nadi (253.41 km), Magardaha Nala (29.92 km), Jaugarh Nadi (27.10 km), and Chakra Nala (21.21 km). The variation in stream length across the basin reflects differences in slope, lithology, and hydrological response, which aids sub-basin prioritization and watershed management.
Mean Stream Length (Lsm)
The mean stream length (Lsm) is an essential morphometric parameter that reflects the drainage network's characteristics compared to basin surface features. It is calculated by dividing the total length of all streams in a given order by the number of stream segments. Lsm increases with stream order and is affected by basin size and topography. Lower Lsm values indicate mountainous terrain, while greater values can be observed in plateaus and plains. The Jirgo River Basin exhibits an overall Lsm of 1.05 km, with sub-basin values ranging from 0.31 km to 1.71 km, indicating gentle slopes, modest drainage gradients, and a coarse surface texture.
Bifurcation ratio (Rb)
The bifurcation ratio (Rb) is an essential morphometric parameter representing the ratio of the number of streams in a given order to those in the following order. Higher Rb values indicate more significant changes in stream frequency, implying substantial structural control and a heavily dissected terrain, whereas lower values indicate fewer structural disturbances and a more uniform topography. Rb levels in the Jirgo River Basin range from 3.00 to 3.50, with sub-basins fluctuating according to geological and lithological factors. Specifically, Kalkalia Nala, Barhi Nadi, Magardaha Nala, Jaugarh Nadi, and Chakra Nala show Rb values between 3.00–4.40, 2.00–5.42, 3.00–3.81, 2.40–5.00, and 3.00–4.33, respectively. Higher Rb values in downstream areas suggest increased dissection due to lithological heterogeneity and active structural control, whereas lower values indicate a relatively stable terrain with minimal external influence.
Mean Bifurcation Ratio (Rbm)
The mean bifurcation ratio (Rbm) is the average bifurcation ratio across all stream orders and provides insight into a drainage basin's structural complexity and geological parameters. In this study, the Rbm values for the Jirgo River Basin and its subbasins ranged from 3.49 to 3.93 (Table 3). These results indicate a predominantly natural drainage system, implying minimal structural disturbance. A lower Rbm usually indicates a homogeneous lithology with little structural effect, whereas a larger value may indicate geological control over drainage development. The computed Rbm values for each subbasin provide an essential foundation for hydrological evaluation and subbasin priority.
Stream Length ratio ()
The stream length ratio (Lur) is a key morphometric parameter that reflects the relationship between successive stream orders and provides insight into basin evolution and hydrological characteristics. According to Horton's law (1945), the mean stream length in a basin follows a geometric progression that increases with stream order. The Jirgo River Basin exhibits an upward trend in Lur values (Table 4), indicating a progressive increase in stream length across higher orders. Relief, slope, and topography variations among sub-basins affect Rᵣ, affecting surface runoff, discharge patterns, and erosion intensity (Singh & Singh, 1997). The Jirgo Basin appears to be at a late young stage of geomorphic development, where the terrain is being shaped by active erosional processes based on the observed fluctuations (Sreedevi et al., 2004). These results are essential for determining sub-basin prioritization for sustainable management, sediment transport dynamics, and watershed stability.
Mean Stream Length Ratio (Rslm)
The Mean Stream Length Ratio (Rslm) is a crucial morphometric indicator that reveals the stream segment elongation and geological/structural influences on drainage development. Among the studied sub-basins, Barhi Nadi showed the highest Rslm (9.14), indicating a well-established drainage system with elongated streams likely shaped by structural elements. Kalkalia Nala (5.85) and Jaugarh Nadi (4.30) exhibit relatively high values, suggesting moderate geological resistance and topographical variations. Magardaha Nala (3.19) and Chakra Nala (3.91) fall in the intermediate range, balancing structural influences and fluvial processes.
Rho coefficient (ρ)
The Rho coefficient (ρ) is a crucial morphometric parameter that ties drainage density to a basin's physiographic development and storage capacity, as well as the level of drainage network maturity (Horton, 1945). It is defined as the stream length ratio to bifurcation ratio and substantially impacts water retention potential and flood response (Potter, 1957). In this study, sub-basins Barhi and Kalkalia had higher Rho values, indicating more storage capacity, with the Barhi sub-basin being the most effective at retaining surface water. However, the average Rho coefficient for the Jirgo River Basin remained low, particularly in Magardaha Nala, Jaugarh Nadi, and Chakra Nala, indicating poor water retention. However, Kalkalia Nala and Barhi Nadi demonstrated relatively high Rho values, indicating better hydrological stability and storage potential.
[bookmark: _Hlk192273274]Drainage density (Dd)
Drainage density (Dd), defined as the total length of streams per unit area within a basin, is a key indicator of landscape dissection and runoff potential (Horton, 1945; Potter,1957). A higher Dd suggests more significant surface runoff, lesser infiltration, and increased erosion susceptibility, whereas a lower Dd indicates increased infiltration and decreased runoff (Prasad, 2008). Strahler (1964) discovered that basins with steep slopes and high relief had lower drainage densities, but soil permeability and the resistance of underlying materials also influenced Dd. The Jirgo River Basin has a computed drainage density of 1.72 km/km², indicating a moderately permeable subsurface with intermediate drainage characteristics and low to moderate relief (Fig. 5). High Dd levels are usually associated with weak, impermeable lithology, sparse vegetation, and increased erosion danger, whereas low values suggest stable terrain with well-developed infiltration capacity.
Stream Frequency (Fs)
Stream frequency (Fs) is the total number of streams per unit area in a watershed, reflecting the drainage density and surface runoff potential. Among the given sub-basins, Magardaha Nala has the highest stream frequency (1.88), indicating a well-drained basin with a higher runoff potential and less infiltration. Jaugarh Nadi (1.79) and Chakra Nala (1.80) also exhibit high stream frequency, suggesting moderate drainage efficiency. Kalkalia Nala (1.77) and Barhi Nadi (1.72) indicate lower drainage density and potentially higher infiltration rates. These stream frequency variations help understand watershed hydrology, erosion potential, and flood susceptibility, which are crucial for sustainable river basin management and land-use planning.
Texture ratio (T)
The texture ratio (T) represents the drainage texture of the river basin. Higher values indicate rugged terrain with dense stream networks, whereas lower values indicate smoother topography. Jirgo River has the highest texture ratio (6.09), suggesting a highly dissected landscape with intense drainage activity. Kalkalia Nala (3.34) and Barhi Nadi (3.38) have moderate drainage texture, reflecting semi-rugged terrain. Magardaha Nala (2.00), Jaugarh Nadi (1.79), and Chakra Nala (2.09) have lower texture ratios, suggesting smoother landscapes with fewer stream channels. These variations highlight lithology, slope, and rainfall differences, influencing erosion, runoff, and hydrological characteristics.
Infiltration Number (If)
The Infiltration Number (If) measures how well river basins absorb water, affecting groundwater recharge and runoff. Barhi Nadi has the highest value (3.51), indicating excellent permeability and recharge potential. Kalkalia Nala (2.27) show moderate infiltration capacity. Magardaha Nala (1.84) displays reduced absorption, while Jaugarh Nadi (1.25) and Chakra Nala (0.99) have the 
lowest values, suggesting minimal infiltration and higher runoff. These differences likely result from soil composition, vegetation, and underlying geology variations, influencing water availability and erosion patterns across these basins.
[image: ]Figure 5 Drainage density map (A), stream frequency map (B), dissection index map (C), and length of overland flow map (D) of the study area

Length of overland flow (Lo)
Overland flow (Lo) length measures how far water travels before reaching a stream, affecting runoff patterns and water absorption (Horton,1932, 1945). In the Jirgo River Basin (Lo=0.29), tributary values vary considerably. Barhi Nadi has the lowest Lo (0.25), indicating rapid drainage and likely steeper terrain. Chakra Nala shows the highest (0.91), suggesting slower flow over gentler slopes. Kalkalia Nala (0.39), Magardaha Nala (0.51), and Jaugarh Nadi (0.71) have moderate values (Fig. 5). Shorter Lo values typically result in faster runoff with infiltration, while longer values promote groundwater recharge. These differences significantly impact erosion, sediment movement, and water availability throughout the basin's ecosystem.
Drainage Intensity (Di)
Drainage Intensity (Di) is a key morphometric parameter quantifying the relationship between stream frequency and drainage density within a basin. A higher Di value indicates a well-drained landscape with increased runoff, while lower values suggest higher infiltration and reduced surface runoff. In the Jirgo River basin, the overall Di was 0.95. Among the sub-basins, Kalkalia Nala has a Di of 1.38, indicating a slightly dissected terrain, whereas Barhi Nadi records the lowest value (0.84), implying less dissection and better infiltration. Magardaha Nala (1.92), Jaugarh Nadi (2.56) and Chakra Nala (3.27) show higher Di, reflecting a rugged topography with rapid runoff. These variations in Di influence erosion, water retention and landform evolution within the basin.
3.6.2 AREAL ASPECT
Basin Area (A), Basin Length (Lb) and Basin Perimeter (P)
The Drainage area (A) is a crucial morphometric parameter directly affecting hydrological responses, such as runoff generation and peak discharge. Larger basins with higher relief typically exhibit more significant discharge, affecting flood magnitude and water availability. Chorley et al. found that basin size had an inverse relationship with maximum flood discharge per unit area. The Jirgo River Basin spans 640.65 km² and includes sub-basins of varied sizes (Table 4): Kalkalia Nala (168.73 km²), Barhi Nadi (123.63 km²), Magardaha Nala (30.37 km²), Jaugarh Nadi (38.60 km²), and Chakra Nala (37.88 km²).
The basin length (Lb), or the longest dimension of the drainage basin, is critical for understanding hydrological flow characteristics. The Jirgo Basin covers 42.04 km, with sub-basins varying between 7.89 km to 23.01 km. Similarly, the basin perimeter (P), which defines the boundaries of the drainage area, is 171.84 km long, while the perimeter of the sub-basins ranges from 28.50 km to 89.17 km.
Table 4. Areal Aspect of the Jirgo River Basin and its sub-basin
	[bookmark: _Hlk194613305]AREAL ASPECTS OF THE JIRGO RIVER BASIN AND SUB-BASINS

	[bookmark: _Hlk177312697]Parameters
	Jirgo River 
	Kalkalia Nala
	Barhi Nadi
	Magardaha Nala
	Jaugarh Nadi
	Chakra Nala

	Basin area (km2) 
	640.65
	168.73
	123.63
	30.37
	38.60
	37.88

	Basin length (km)
	42.04
	23.01
	17.33
	7.89
	11.94
	8.43

	Perimeter (km)
	171.84
	89.17
	62.92
	28.50
	38.48
	32.56

	[bookmark: _Hlk177310469]Circularity ratio 
	0.27
	0.26
	0.39
	0.46
	0.32
	0.44

	[bookmark: _Hlk177312898]Elongation ratio 
	0.68
	0.64
	0.72
	0.79
	0.59
	0.82

	[bookmark: _Hlk177314060]Form Factor 
	[bookmark: _Hlk177314561]0.36
	0.32
	0.41
	0.49
	0.27
	0.53

	[bookmark: _Hlk177314749][bookmark: _Hlk177312747]Compactness constant 
	[bookmark: _Hlk177314806]1.93
	1.95
	1.61
	1.47
	1.76
	1.50

	[bookmark: _Hlk177315032]Shape factor 
	[bookmark: _Hlk177315331]2.76
	3.14
	2.43
	2.05
	3.69
	[bookmark: _Hlk177315465]1.88

	[bookmark: _Hlk177317240][bookmark: _Hlk177313850]Constant of channel maintenance 
	[bookmark: _Hlk177317400]0.58
	0.78
	0.49
	1.02
	1.43
	1.82

	[bookmark: _Hlk177314622]Lemniscate's ratio
	2.76
	3.14
	2.43
	2.05
	3.69
	1.88

	[bookmark: _Hlk177316471]Fitness ratio 
	0.37
	0.36
	0.43
	0.33
	0.31
	0.35

	Standard sinuosity index 
	1.50
	1.40
	1.55
	1.18
	1.01
	1.41



Circularity ratio (Rc)
The circularity ratio (RC) is a dimensionless metric that represents the ratio of a basin area to the area of a circle with the same perimeter (Miller,1953). Rc values vary from 0 (extremely elongated) to 1 (almost circular), indicating the basin's shape and hydrological response. This metric impacts various elements, including drainage density, stream frequency, geological structure, climate, relief, slope, and land use patterns. Higher Rc values usually indicate young highland basins with quick runoff and peak discharge during heavy rainfall, whereas lower Rc values suggest mature plateau-plain basins with moderate flow and reduced flood susceptibility. The Jirgo River Basin has an overall Rc of 0.27, with sub-basin values ranging from 0.26 to 0.46, indicating an extended basin morphology with moderate to low flood potential. Relatively low Rc values indicate active denudational processes, signifying a stable drainage system with controlled runoff and minimal flood risk.
Elongation ratio (Re)
The elongation ratio (Re) is a dimensionless metric that describes the geometry of a drainage basin and is calculated as the ratio of the diameter of a circle with the same area as the basin to its maximum length (Munoth and Goyal, 2020). It ranges from 0 (highly elongated) to 1 (highly circular) and provides insights into the hydrological response of the basin. Higher Re values indicate circular basins, which are more susceptible to flooding due to rapid runoff concentration. In comparison, lower values correspond to elongated basins, which are often associated with lower peak discharge and extended flow duration. In this study, the Jirgo River Basin has a Re value of 0.68, with sub-basin values ranging from 0.59 to 0.82, indicating a predominantly elongated shape. This shows a smooth gradient, modest topographical relief, and a plateau-plain river system with a more evenly distributed flow, lowering flood risk and favouring groundwater recharge.
Form Factor (Ff)
The form factor ratio, which represents the shape of a drainage basin, was computed by dividing the basin area by the square of its length. It ranges from 0 (highly elongated) to 1 (near-circular) and is a key indicator of the runoff characteristics. A lower form factor indicates an elongated basin with low peak flow and prolonged runoff, lowering flood risks. In contrast, a higher value suggests a circular basin with short duration and intense runoff, making it more flood-prone. The Jirgo River Basin has a form factor of 0.36, indicating an elongated shape and moderate runoff potential. Kalkalia Nala (0.32), Barhi Nadi (0.41), Magardaha Nala (0.49), Jaugarh Nadi (0.27), and Chakra Nala (0.53) exhibited varying degrees of elongation, which altered their respective hydrological responses. The elongated nature of these sub-basins suggests a gradual discharge pattern, which makes them more manageable in terms of flood mitigation.
Compactness constant (Cc)
The compactness constant, defined as the ratio of a basin's perimeter to a circle of equal area (Horton, 1945; Potter, 1957), is a key indicator of basin morphology. This metric effectively quantifies deviations from the ideal circular shape and provides insights into hydrological and geomorphological properties. The Jirgo River Basin's compactness constant was 1.93, indicating a moderate divergence from circularity. Its sub-basins range from 0.53 in Chakra Nala, suggesting a more compact form, to 1.95 in Kalkalia Nala, reflecting more excellent elongation. These variations highlight the influence of geological and topographical factors on the basin configuration.
Shape factor (Sf)
Shape factor is an essential parameter in geomorphological studies as it affects runoff patterns and sediment movement within a drainage basin (Prakash et al.,2019). The shape factor of the Jirgo River basin is 2.76, with variations in sub-basins such as Kalkalia Nala (3.14), Barhi Nadi (2.43), Magardaha Nala (2.0), Jaugarh Nadi (3.69), and Chakra Nala (1.88). These values suggest that Chakra Nala is less prone to erosion, whereas Jaugarh Nadi is at higher risk.
Constant of channel maintenance (C)
The constant of channel maintenance (C) measures the area required to sustain a drainage channel of one unit length and provides insights into the infiltration capacity and runoff characteristics (Munoth & Goyal,2020). Higher C values generally indicate lower-order streams, sparse vegetation, higher flood sensitivity, and continuous geomorphological change (Rahaman et al.,2015). The Jirgo River Basin has a C value of 0.58 km²/km, whereas sub-basins like Kalkalia Nala (3.34 km²/km), Barhi Nadi (3.38 km²/km), Magardaha Nala (2.00 km²/km), Jaugarh Nadi (1.79 km²/km), and Chakra Nala (2.09 km²/km) have higher values. This suggests a plateau-plain terrain with medium permeability, drainage density, soil infiltration, and surface runoff dynamics.
Lemniscate's Scale (k)
Lemniscate's scale (k) is a morphometric parameter that measures the proportion of watershed length along the mainstream to the total watershed area (Jothimani et al.,2020). This number is useful for analyzing watershed slopes and hydrological properties. The Lemniscate (k) value in the Jirgo River Basin is 2.76, whereas its sub-basins, Kalkalia Nala, Barhi Nadi, Magardaha Nala, Jaugarh Nadi, and Chakra Nala, have k values of 3.14, 2.43, 2.05, 3.69, and 1.88, respectively. These variations indicate that places with higher k values have a more elongated shape and potentially steeper slopes, influencing runoff dynamics and erosion susceptibility.
Fitness ratio (Rf)
The fitness ratio, an essential morphometric statistic, is the ratio of the primary channel length to the watershed perimeter (Melton 1957). This measures the topographic suitability of a drainage basin, indicating its elongation and efficiency regarding water discharge (Rai et al., 2017a, 2017b; Rai et al., 2018). This study established the fitness ratio for the primary basin at 0.37, whereas the sub-basins Kalkalia Nala, Barhi Nadi, Magardaha Nala, Jaugarh Nadi, and Chakra Nala recorded values of 0.36, 0.43, 0.33, 0.31, and 0.36, respectively. These variations highlight the different erosion processes and structural controls that influence the morphometric characteristics of the basin.
Standard sinuosity index (Ssi)
The Standard Sinuosity Index (Ssi) quantifies the deviation of a river from its straight course. It is expressed as the ratio of channel length to down valley distance, providing insight into the meandering nature of the channel. A straight channel has an index of 1; values between 1 and 1.5 indicate a sinuous course, while values between 1.5 and 4 show a meandering pattern. This indicator helps study river dynamics, sediment transport, and landscape change. The Jirgo River Basin has an overall sinuosity index of 1.50, indicating meandering. Sub-basins such as Barhi Nadi (1.55) and Chakra Nala (1.41) reinforce this trend, while others, such as Jaugarh Nadi (1.01), show slight variation. These differences reflect the distinct structural controls and hydrological processes that shape the basin's fluvial network.
3.6.3 RELIEF ASPECT
Table 5.  Relief Aspect of the Jirgo River Basin and its sub-basin
	RELIEF ASPECT OF JIRGO RIVER BASIN AND SUB-BASINS

	Parameters
	Jirgo River
	Kalkalia Nala
	Barhi Nadi
	Magardaha Nala
	Jaugarh Nadi
	Chakra Nala

	[bookmark: _Hlk177560075]Basin relief (H)
	[bookmark: _Hlk177560788]245
	142
	218
	89
	137
	95

	[bookmark: _Hlk177561112][bookmark: _Hlk177561590][bookmark: _Hlk188094155]Relief Ratio ()
	[bookmark: _Hlk177561534]5.83
	6.17
	12.58
	11.28
	11.47
	[bookmark: _Hlk177561619]11.27

	[bookmark: _Hlk177566627]Gradient ratio (Rg)
	[bookmark: _Hlk177566563]0.06
	0.06
	0.013
	0.011
	0.011
	0.011

	[bookmark: _Hlk177566695][bookmark: _Hlk177566865]Ruggedness Number (Rn)
	[bookmark: _Hlk177566821]0.42
	0.18
	0.44
	0.09
	0.10
	[bookmark: _Hlk177566894]0.05


Basin Relief (H)
Basin relief (H) is the elevation difference between a watershed's highest and lowest points, influencing stream gradient, erosion, and sediment movement. Higher basin relief is often linked with steeper slopes, more runoff, and more erosion potential, significantly affecting hydrological dynamics. The entire relief in the Jirgo River basin is 245 meters, with subbasins such as Kalkalia Nala (142 meters), Barhi Nadi (218 meters), Magardaha Nala (89 meters), Jaugarh Nadi (137 meters), and Chakra Nala (95 meters) having varying relief values (Table 5; Table 6; Figure 3). These changes influence local erosion severity, sediment yield, and watershed stability.

Table 6. Elevation and Area Distribution of Jirgo River Basin
	Sl.No.
	Elevation (in meters)
	Area (Km2)

	1
	65 - 130 m.
	374.62

	2
	130- 190 m.
	75.11

	3
	190 - 250 m.
	108.28

	4
	250 - 315 m.
	82.62


Relief Ratio (Rhl)
The relief ratio (Rh) quantifies basin steepness and erosion severity by dividing the maximum basin relief by the longest horizontal distance parallel to the mainstream. Higher Rh values suggest steeper slopes, faster runoff, and more tremendous erosive potential, which are common characteristics of hilly and circular basins. Larger basins, or plateaus, exhibit lower Rh values due to their softer slopes. The Rh value in the Jirgo River Basin is 5.83, with sub-basins such as Kalkalia Nala, Barhi Nadi, Magardaha Nala, Jaugarh Nadi, and Chakra Nala having Rh values of 6.17, 12.58, 11.28, 11.47, and 11.27, respectively, reflecting variations in topographic relief and hydrological response.
Ruggedness Number (Rn)
The roughness number (Rn) measures basin relief and drainage density by combining slope steepness and length (Strahler A.N.,1964). Controlled by factors such as climate, geology, geomorphology, and vegetation, Rn influences the Stream Energy, runoff velocity, and flow patterns. Higher Rn values signify rugged terrain with higher peak discharge and accelerated erosion, whereas lower values indicate smoother landscapes with more stable hydrological conditions. The Jirgo River Basin has a Rn of 0.42, and its sub-basins, Kalkalia Nala (0.18), Barhi Nadi (0.44), Magardaha Nala (0.09), Jaugarh Nadi (0.10), and Chakra Nala (0.05), display varied degrees of basin maturity and denudation.
4.2 PRIORITIZATION OF SUB-WATERSHEDS
Prioritization of sub-basins is an essential step in watershed management because it allows conservation efforts to be allocated more efficiently by identifying regions prone to soil erosion and land degradation. This process involves the evaluation of various morphometric parameters to determine the relative vulnerability of different subbasins (Rahaman et al., 2015). The assessment focuses on linear, relief, and aerial factors, with greater drainage density values, stream frequency, relief ratio, and roughness number, indicating enhanced erosion susceptibility (Bharath et al., 2020; Singh et al., 2020). Lower values of aerial parameters, such as the elongation ratio, circularity ratio, and form factor, are also associated with increased erosion risk. A compound score was generated by assigning ranks based on these factors (Gajbhiye et al., 2013; Malik et al., 2019), allowing for the systematic classification of sub-basins from most significant to lowest priority. Sub-basins with the lowest compound values, indicating more erosion risk, receive top priority for conservation measures, while those with higher values rank lower. This prioritization framework makes it easier to strategically apply soil and water conservation measures, ensuring that resources are allocated to the sub-basins that require them most. These findings highlight the importance of focused watershed management in high-risk locations to reduce erosion, increase land productivity, and promote sustainable water resource use.                                                                                          
In the case of the Jirgo basin, twenty-two morphometric parameters out of thirty-one were utilized to evaluate erosion susceptibility, enabling the classification of sub-basins based on priority rankings (Table 7). Figure 6 illustrates that sub-basins such as Barhi Nadi, Kalkalia Nala, and Jaugarh Nadi demonstrate a higher susceptibility to erosion, necessitating immediate soil and water conservation measures to mitigate degradation and maintain the hydrological equilibrium. Conversely, sub-basins, such as Magardaha Nala, are classified within the medium-priority category, whereas Chakra Nala exhibits lower susceptibility and requires comparatively fewer interventions. Integrating morphometric analysis with field-based assessments ensures that conservation measures are strategically implemented, optimizing resource allocation and enhancing long-term watershed sustainability.
Table 7.  Sub-basin prioritization of Jirgo Basin
	Parameters
	Kalkalia Nala
	
	Barhi Nadi
	
	Magardaha Nala
	
	Jaugarh Nadi
	
	Chakra Nala
	

	Lsm
	0.72
	2
	1.18
	1
	0.52
	3
	0.39
	4
	0.31
	5

	Rbm
	3.93
	1
	3.81
	3
	3.49
	5
	3.88
	2
	3.75
	4

	Rslm
	5.85
	2
	9.14
	1
	3.19
	5
	4.30
	3
	3.91
	4

	ρ
	1.49
	2
	2.40
	1
	0.91
	5
	1.11
	3
	1.04
	4

	Dd
	1.28
	2
	2.04
	1
	0.98
	3
	0.70
	4
	0.55
	5

	Fs
	1.77
	4
	1.72
	5
	1.88
	1
	1.79
	3
	1.80
	2

	T
	3.34
	2
	3.38
	1
	2.00
	4
	1.79
	5
	2.09
	3

	If
	2.27
	2
	3.51
	1
	1.84
	3
	1.25
	4
	0.99
	5

	LOf
	0.39
	4
	0.25
	5
	0.51
	3
	0.71
	2
	0.91
	1

	Di
	1.38
	4
	0.84
	5
	1.92
	3
	2.56
	2
	3.27
	1

	RC
	0.26
	1
	0.39
	3
	0.46
	5
	0.32
	2
	0.44
	4

	Re
	0.64
	2
	0.72
	3
	0.79
	4
	0.59
	1
	0.82
	5

	Ff
	0.32
	2
	0.41
	3
	0.49
	4
	0.27
	1
	0.53
	5

	Cc
	1.95
	5
	1.61
	3
	1.47
	1
	1.76
	4
	1.50
	2

	Sf
	3.14
	4
	2.43
	3
	2.05
	2
	3.69
	5
	1.88
	1

	C
	0.78
	2
	0.49
	1
	1.02
	3
	1.43
	4
	1.82
	5

	k
	3.14
	4
	2.43
	3
	2.05
	2
	3.69
	5
	1.88
	1

	Rf
	0.36
	3
	0.43
	5
	0.33
	2
	0.31
	1
	0.35
	4

	Ssi
	1.40
	3
	1.55
	5
	1.18
	2
	1.01
	1
	1.41
	4

	H
	142
	2
	218
	1
	89
	5
	137
	3
	95
	4

	Rh
	6.17
	5
	12.58
	1
	11.28
	3
	11.47
	2
	11.27
	4

	Rn
	0.18
	2
	0.44
	1
	0.09
	5
	0.10
	3
	0.05
	4

	Compound Value
	2.727
	
	2.545
	
	3.318
	
	2.909
	
	3.500
	

	Final Rank
	II
	
	I
	
	IV
	
	III
	
	V
	


[image: ]Figure 6. Prioritized sub-basin map of the Jirgo River basin

CONCLUSION
The present study highlights the importance of morphometric analysis in identifying basin characteristics and prioritizing sub-basins for prosperous soil and water conservation methods. Integrating GIS and remote sensing techniques has proven more efficient and precise than traditional methods in evaluating morphometric parameters. After assessing nineteen morphometric data points, this study effectively identified erosion-prone zones within the Jirgo River basin using the compound value approach. Prioritizing sub-basins based on soil erosion vulnerability helps decision-makers execute targeted conservation measures. The findings underscore the importance of drainage morphometry in sustainable basin management, which allows for more efficient resource allocation and cost-effective planning. Future studies could include more environmental variables, such as land use and climate data, to improve the accuracy.


Data Availability Statement: All data and materials associated with this manuscript have been published with the paper. Data will be provided upon reasonable request.
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