
	Data
	Purpose
	Resolution / scale                             
	 Year
                             
	Source                                             
                                                                                                   

	Landsat -9
	LULC
	30 mt
	April, 2024
	(http://earthexplorer.usgs.gov/ ) 

	SRTM-DEM
	Drainage morphometry 
	30 mt
	April, 2024
	(http://earthexplorer.usgs.gov/ ) 

	Toposheet
	Delineation of watershed
	1: 2,50,000
	1961
	Survey Of India (SOI), Kolkata  


Table 1.   Summary of datasets used in the study 
Table 2. Geomorphometric parameters used in the study along with their formulas and scientific references, categorized under linear, areal, and relief attributes
	Geomorphometric units
	                                      Formula
	References

	                                                                       Linear parameters

	

Stream order (U)
	
Hierarchical rank                                    
Nu1+Nu2…. +Nun
Lu1+Lu2……. + Lun
Average of stream
 length of all orders
	Higher stream orders are associated with increased erosion risk and lower groundwater potential (Rawat et al., 2021) Stream order and other parameters are used to prioritize sub watersheds for conservation measures (Barman et al., 2021).

	

Stream number (Nu)
	
Nu/Nu+1 
Nu= total number
 of streams of ‘U’, 
Nu+1=number of streams
 of next higher order
	Stream number (Nu) plays a crucial role in assessing soil erosion risk and groundwater potential in watersheds. Morphometric analysis, including stream number and other parameters, is essential for hydrological analysis and watershed management (Benzougagh et al., 2021).

	
Stream length (Lu)
	Nu/Nu+1 
Nu= total number
 of streams of ‘U’, 
Nu+1=number of streams
 of next higher order
	Stream length plays a crucial role in watershed characteristics and nutrient export. In small watersheds, stream length is highly correlated with drainage area size and length to center of area  (Gray, 1961).

	
Mean stream Length (Lsm)
	Nu/Nu+1 
Nu= total number
 of streams of ‘U’, 
Nu+1=number of streams
 of next higher order
	The mean stream length (Lsm) plays a crucial role in watershed analysis and characterization. It is used to evaluate stream network development and can be derived from digital elevation models using GIS techniques (Jain et al., 2020).

	

Bifurcation Ratio (Rb)
	
Nu/Nu+1 
Nu= total number
 of streams of ‘U’, 
Nu+1=number of streams of next higher order
	Studies have shown that Rb values ranging from 3 to 4.66 indicate undistorted geologic structures and moderate erosion potential (Sinha et al., 2024). Lower Rb values suggest well-dissected watersheds with reduced flooding and erosion risks (W. R. Singh et al., 2021)

	                                                                         Areal Parameters

	


Drainage density (Dd)
	

Lu/A
Lu=Stream length 
A =Area 

	Drainage density (Dd) is a crucial parameter for assessing soil erosion and watershed characteristics. Studies have shown a significant correlation between Dd and erosion rates in various watersheds (Moeini et al., 2015). Higher Dd values indicate increased susceptibility to surface erosion and soil degradation (Kumar et al., 2023)

	
Stream Frequency (Fs)
	Nu/A
Nu=Stream number 
A = area 
	 Stream frequency (Fs) is identified as a crucial parameter influencing erosion and hydrological processes (Benzougagh et al., 2021). Higher Fs values indicate increased erosion risk and reduced groundwater potential  (Rawat et al., 2021).

	
Drainage texture (Dt)
	Nu/P
Nu=Stream number 
P = perimeter

	Drainage texture plays a crucial role in geologic interpretation and water management. It provides insights into underlying materials and structures, especially in areas of low relief  (Howard, 1967)

	

Infiltration Number (If)
	Dd*Fs
Dd = Drainage density
Fs = Stream Frequency

	 The Infiltration Number (If) plays a crucial role in watershed hydrology, influencing runoff estimation and water resource management. Infiltration rates exhibit significant spatial variability within watersheds, with parameters often following log-normal distribution (M. L. Sharma et al., 1980).

	


Circularity Ratio (Rc)
	

4πA/P2 
A = area 
P = perimeter
	The circularity ratio (Rc) is a crucial morphometric parameter in watershed analysis, influencing flood hazard and erosion potential. Higher Rc values (>0.5) indicate circular basins with shorter flood peaks, while lower values (<0.5) suggest elongated basins with extended flood periods and greater erosion risk  (M. C. Singh et al., 2023; Sudaryatno et al., 2024).
 

	

Length of overland flow (Lg)
	
1/(2*Dd)
Dd = Drainage density

	The length of overland flow plays a crucial role in watershed hydrology and sediment transport. Longer slope lengths decrease runoff connectivity and increase spatial variability of infiltration (Ghahramani & Ishikawa, 2013).


	Constant of channel maintenance (c)
	1/Dd
Dd = Drainage
 density             

	The constant of channel maintenance (c) plays a crucial role in watershed geomorphology and sediment transport. It represents the minimum drainage area required to maintain a channel (Sakthivel et al., 2019)

	
Fineness ratio (Rfn)
	    Lar/p                          
   Lar = Stream
          Length Ratio
    P   = Perimeter                                                                                                                   
	

	                                                                       Relief Parameters

	Maximum elevation of the area (Me)
	Extracted from DEM
	

	Minimum elevation of the area (Mm)
	Extracted from DEM
	

	Basin relief(H) 
	Me – Mm                                                  
Me = Maximum elevation
 of the area 
Mm = Minimum elevation
 of the area 
	High relief ratios and elongation ratios indicate increased erosion risk and elongated basin shapes, respectively (Elhag et al., 2017; Ganie et al., 2023).

	

Relative relief (Rr)
	
H/P
H = Basin Relief
P = Basin Parameter

	Relief morphometry plays a crucial role in understanding watershed characteristics and their hydro geomorphological dynamics. Quantitative analysis of relief features, including relative relief, , provides insights into slope stability, erosion capacity, and landform development stages (Tajvir, 2023)

	

Dissection Index
	

H/ Me
H = = Basin Relief
M = Maximum elevation 
of the area
	The Dissection Index (DI) is a crucial parameter for assessing terrain roughness and watershed characteristics. It is influenced by various geomorphic factors, with relative relief having the strongest impact, followed by average slope and absolute relief (Tajvir, 2023).




















Table 3.     Computation of morphometric parameters
	sub watersheds
	Stream Length Ratio
	Bifurcation Ratio
	Fineness Ratio
	Drainage Texture
	Drainage 
Density
	Stream Frequency

	2A2B5k
	13.27
	13
	0.29
	1.2
	0.66
	0.71

	2A2B5b
	6.37
	15.5
	0.16
	0.85
	0.38
	0.75

	2A2B5j
	4.94
	19.5
	0.2
	1.71
	0.97
	1.85

	2A2B5h
	5.91
	22
	0.14
	0.54
	0.39
	0.52

	2A2B5m
	17.73
	7.0
	0.65
	0.55
	1.85
	0.54

	sub watersheds
	Relative Relief Ratio
	Dissection Index
	Infiltration
Number
	Constant of Channel
Maintenance
	Circularity
Ratio
	Average Length Of Overland Flow

	2A2B5k
	7.49
	0.55
	0.47
	1.49
	0.48
	0.74

	2A2B5b
	8.9
	0.58
	0.28
	2.62
	0.37
	1.31

	2A2B5j
	14.41
	0.59
	1.81
	1.02
	0.49
	0.51

	2A2B5h
	8.89
	0.62
	0.2
	2.55
	0.31
	1.27

	2A2B5m
	11.47
	0.5
	1.01
	0.53
	0.47
	0.26

	sub watersheds
	Hypsometric Integral

	2A2B5k
	0.42

	2A2B5b
	0.13

	2A2B5j
	0.099

	2A2B5h
	0.17

	2A2B5m
	0.67



Table 4. Computation of Inter-Correlation matrix of 13 selected geomorphic parameters
	
	Inter Correlation Matrix

	
	SLR
	BR
	FR
	DT
	DD
	SF
	RRR
	DI
	IN
	CCM
	CR
	ALOF
	HI

	SLR
	—
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	BR
	-0.92
	—
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	FR
	0.91
	-0.89
	—
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	DT
	-0.36
	0.27
	-0.33
	—
	 
	 
	 
	 
	 
	 
	 
	 
	 

	DD
	0.74
	-0.74
	0.93
	-0.1
	—
	 
	 
	 
	 
	 
	 
	 
	 

	SF
	-0.49
	0.37
	-0.29
	0.9
	0.02
	—
	 
	 
	 
	 
	 
	 
	 

	RRR
	-0.16
	0.06
	0.19
	0.49
	0.52
	0.78
	—
	 
	 
	 
	 
	 
	 

	DI
	-0.93
	0.98
	-0.93
	0.18
	-0.82
	0.27
	-0.05
	—
	 
	 
	 
	 
	 

	IN
	-0.02
	-0.05
	0.25
	0.68
	0.56
	0.83
	0.9
	-0.19
	—
	 
	 
	 
	 

	CCM
	-0.63
	0.61
	-0.78
	-0.29
	-0.9
	-0.31
	-0.59
	0.73
	-0.75
	—
	 
	 
	 

	CR
	0.48
	-0.54
	0.51
	0.62
	0.62
	0.49
	0.46
	-0.63
	0.72
	-0.86
	—
	 
	 

	ALOF
	-0.64
	0.61
	-0.78
	-0.28
	-0.9
	-0.31
	-0.59
	0.73
	-0.74
	1
	-0.86
	—
	 

	HI
	0.99
	-0.89
	0.94
	-0.41
	0.78
	-0.5
	-0.11
	-0.91
	0
	-0.65
	0.44
	-0.65
	—




Table 5. Principal Component Unrotated and rotated loading Matrix 
	
	Morphometric
Parameters

	Unrotated Matrix
	Rotated Matrix

	
	Components
	Components

	
	1
	2
	3
	1
	2
	3

	SLR
	-0.309
	-0.238
	-0.152
	-0.418
	-0.021
	0.006

	BR
	0.31
	0.195
	0.19
	0.409
	0.016
	0.051

	FR
	-0.342
	-0.139
	0.194
	-0.271
	0.238
	0.209

	DT
	-0.004
	0.42
	-0.513
	0.043
	-0.028
	-0.661

	DD
	-0.346
	0.02
	0.341
	-0.139
	0.408
	0.224

	SF
	-0.001
	0.474
	-0.063
	0.23
	0.238
	-0.345

	RRR
	-0.133
	0.382
	0.502
	0.274
	0.566
	0.14

	DI
	0.337
	0.141
	0.151
	0.388
	-0.052
	0.057

	IN
	-0.183
	0.405
	0.169
	0.132
	0.436
	-0.137

	CCM
	0.339
	-0.157
	-0.024
	0.17
	-0.316
	0.107

	CR
	-0.282
	0.223
	-0.463
	-0.26
	0.061
	-0.522

	ALOF
	0.34
	-0.155
	-0.024
	0.172
	-0.315
	0.106

	HI
	-0.311
	-0.237
	-0.029
	-0.377
	0.045
	0.1

	Eigen value
	7.541
	4.41
	0.84
	7.541
	4.41
	0.84

	% of total factor covariance
	58.005
	33.921
	6.461
	58.005
	33.921
	6.461

	Cumulative % of total factor covariance
	58.005
	91.926
	98.386
	58.005
	91.926
	98.386






Table 6. Selection of most influential parameter
		
Morphometric
Parameters

	Standard score for final cluster center

	
	Cluster 1
	Cluster 2
	Cluster 3

	SLR
	-0.201
	1.445
	-0.84

	BR
	0.245
	-1.437
	0.701

	FR
	-0.434
	1.72
	-0.418

	DT
	-0.216
	-0.85
	1.498

	DD
	-0.613
	1.642
	0.197

	SF
	-0.386
	-0.602
	1.759

	RRR
	-0.658
	0.451
	1.524

	DI
	0.337
	-1.495
	0.484

	IN
	-0.653
	0.382
	1.577

	CCM
	0.624
	-1.201
	-0.672

	CR
	-0.467
	0.576
	0.826

	ALOF
	0.623
	-1.204
	-0.665

	HI
	-0.237
	1.528
	-0.816






Table 7.  Classification of Micro Watershed into Cluster
	Micro  watersheds
	Cluster
	Priority Rank 
	Remarks 

	



2A2B5k
	3
	





1
	A typical scene in villages includes vast stretches of fallow ground and exposed rock formations. The elevation ranges from 350-600 meters above msl. Villages are in moderate to steep slope (> 7 ) resulting in shallow soil depth and susceptibility to erosion. High drainage density (> 2.5 km/ km sq.) and rapid permeability. Granite gneiss constitutes the primary geological makeup of most villages, whereas hornblede, ambhibolite, biotite gneiss are only sparsely distributed in a small percentage of villages.  Soil in these areas typically have low to moderate available water capacity.

	2A2B5b
	1
	3
	Most of the villages are situated within a gently sloping to very gently sloping plain (< 2), with an elevation ranging from 150-200 meters above msl and low drainage density (< 0.5 km/ km sq), high lineament density.  Soils develop across undulating lowlands and valley fills. The soils exhibit considerable depth, moderately slow permeability maintaining a balanced soil-water- air relationship.

	2A2B5j
	1
	3
	

	2A2B5h
	1
	

3
	

	2A2B5m
	      2
	


2
	elevations spanning from 200-350 meters above msl, denotes their placement within areas of moderate slope (2 -7) and moderate drainage density (0.5 – 2.5 km/km sq). The soil found in pediments, undulating plateaus, and dissected highlands exhibit varying characteristics. Soils in these areas typically have low to medium available water capacity and face moderate to severe erosional challenges.



Table 8.  Fuzzy Shannon Entropy Weights for Groundwater Potentiality Assessment
	
Morphometric
Parameters
	Fuzzy Shannon Entropy Weights

	SLR
	0.02845779

	BR
	0.02686594

	FR
	0.02751192

	DT
	0.03153297

	DD
	0.03931010

	SF
	0.05033305

	RRR
	0.06523466

	DI
	0.07459912

	IN
	0.08526698

	CCM
	0.11242149

	CR
	0.13186779

	ALOF
	0.15807540

	HI
	0.16852278



[bookmark: _Hlk204679219]Table 9: Prioritization of Micro Watersheds using MCDM Models based on 13 Selected Morphometric Parameters, Evaluating Groundwater Potentiality for Sustainable Resource Management.
	Micro
watersheds
	VIKOR
	TOPSIS
	COPRAS

	
	
	
	
	Rank 
	
	
	Pi
	Rank 
	
	
	
	Rank 

	2A2B5k
	0.541

	0.085

	0.264

	1
	0.154
	0.115
	0.427
	2
	0.151
	0.049
	0.194
	2

	2A2B5b
	0.572

	0.159

	0.831

	4
	0.176
	0.111
	0.387
	4
	0.145
	0.041
	0.188
	3

	2A2B5j
	0.474

	0.168

	0.500

	2
	0.185
	0.110
	0.372
	5
	0.131
	0.073
	0.163
	5

	2A2B5h
	0.601

	0.147

	0.873

	5
	0.166
	0.110
	0.399
	3
	0.143
	0.038
	0.186
	4

	2A2B5m
	0.537

	0.158

	0.685

	3
	0.130
	0.144
	0.526
	1
	0.158
	0.066
	0.198
	1







Table 10. Fuzzy Shannon Entropy Weights for Soil Erosion Risk 
	
Morphometric
Parameters
	Fuzzy Shannon Entropy Weights

	SLR
	0.05797529

	BR
	0.06843286

	FR
	0.08054471

	DT
	0.08734897

	DD
	0.10020312

	SF
	0.08484450

	RRR
	0.07314309

	DI
	0.07284309

	IN
	0.07314309

	CCM
	0.05799085

	CR
	0.05502927

	ALOF
	0.13401191

	HI
	0.05418926



[bookmark: _Hlk204681244]Table 11: Micro-Watershed Prioritization Based on Soil Erosion Risk Using MCDM Models and 13 Selected Morphometric Parameters
	Micro
watersheds
	VIKOR
	TOPSIS
	COPRAS

	
	
	
	
	Rank 
	
	
	Pi
	Rank 
	
	
	
	Rank 

	2A2B5k
	0.617
	0.081
	0.435
	2
	0.111
	0.061
	0.356
	4
	0.085
	0.105
	0.155
	3

	2A2B5b
	0.633
	0.100
	0.650
	3
	0.124
	0.076
	0.381
	3
	0.096
	0.081
	0.188
	1

	2A2B5j
	0.419
	0.102
	0.198
	1
	0.108
	0.099
	0.478
	2
	0.090
	0.144
	0.152
	4

	2A2B5h
	0.646
	0.099
	0.673
	4
	0.147
	0.081
	0.355
	5
	0.093
	0.076
	0.178
	2

	2A2B5m
	0.576
	0.134
	0.846
	5
	0.099
	0.105
	0.514
	1
	0.081
	0.144
	0.137
	5



Table 12. Final prioritization and ranking
	
	[bookmark: _Hlk204765989]
Micro
watersheds
	VIKOR

	
	GWPZ rank
	Soil 
Erosion rank
	Sum 
	Priority rank 

	2A2B5k
	1
	2
	3
	1

	2A2B5b
	4
	3
	7
	2

	2A2B5j
	2
	1
	3
	1

	2A2B5h
	5
	4
	9
	3

	2A2B5m
	3
	5
	8
	3

	
	TOPSIS

	2A2B5k
	2
	4
	6
	2

	2A2B5b
	4
	3
	7
	3

	2A2B5j
	5
	2
	7
	3

	2A2B5h
	3
	5
	8
	3

	2A2B5m
	1
	1
	2
	1

	
	COPRAS

	2A2B5k
	2
	3
	5
	2

	2A2B5b
	3
	1
	4
	1

	2A2B5j
	5
	4
	9
	3

	2A2B5h
	4
	2
	6
	2

	2A2B5m
	1
	5
	6
	2















Table 13. Comparison of micro-watersheds priority rankings derivedfrom three MCDM models — VIKOR, TOPSIS and COPRAS —with the reference ranking and cluster classification ontained through K-means clustering 
	MODEL
	VIKOR 
	TOPSIS
	COPRAS
	REMARKS

	TP
	2
	3
	2
	




TOPSIS model demonstrates superior performance

	TN
	7
	8
	7
	

	FP
	3
	2
	3
	

	FN
	3
	2
	3
	

	RECALL
	0.4
	0.6
	0.4
	

	F1 SCORE
	0.4
	0.6
	0.4
	

	FPR
	0.3
	0.2
	0.3
	

	FNR
	0.6
	0.4
	0.6
	

	FDR
	0.6
	0.4
	0.6
	

	NPV
	0.7
	0.8
	0.7
	

	PRECISION
	0.4
	0.6
	0.4
	

	SPECIFITY
	0.7
	0.8
	0.7
	

	ACCURACY
	0.6
	0.73
	0.6
	


	Micro
watersheds
	VIKOR priority
rank
	TOPSIS priority rank
	COPRAS priority rank
	K means Cluster priority rank

	2A2B5k
	1
	2
	2
	1

	2A2B5b
	2
	3
	1
	3

	2A2B5j
	1
	3
	3
	3

	2A2B5h
	3
	3
	2
	3

	2A2B5m
	3
	1
	2
	2










Table 14. performance evaluation metrics of VIKOR, TOPSIS, and COPRAS models  in comparison with the reference classification derived from K-Means clustering, 


