[bookmark: _Hlk103649689]Table 1 Sources and usage of available data
	Sl. No.
	Available Data
	Year(s)
	Source(s)
	Methods and techniques

	[bookmark: _Hlk103614858]1
	SRTM-DEM: SRTM1 Arc-Second Global
	2001
	USGS (2001a)
	Digital elevation model (DEM), relief and slope analysis, drainage analysis, stream ordering

	2
	LANDSAT ETM+
	October, 2001
	USGS (2001b)
	LULC, NDVI, MNDWI, NDBI, BSI, LST

	3
	Rainfall (mm)
	2001
	India Meteorological Department (2001)
	Rainfall erosivity index

	4
	Geographical area, household, population, agriculture, and landholdings
	2001, 2000-2001
	Census of India (2001), BAES (2001), Agricultural Census of India (2001)
	Total geographical area, Total household, total population, Crop yield, Landholding sizes


[bookmark: _Hlk102866290]Source Selected by the authors
Table 2 Sources and measurement of selected indicators
	Sl. No.
	Indicators
	Measurement
	Source(s)
	Justification for selection
	Sources of literature

	[bookmark: _Hlk103614809]1
	Relative relief (R) in m
	R = H – h, 
where, 
H = Highest relief 
h = Lowest relief
	Smith (1950), Schumm (1956)
	Elevation determines some other physical parameters such as vegetation distribution and rainfall pattern. “Relative relief
determines a positive impact upon dissection index.”
	Joseph et al. (2012), Jin et al. (2008), Deolia, and Pande (2014, p. 22)

	2
	Dissection index (DI)
	DI = R/Ra, where, R= relative relief, Ra is absolute relief
	Singh and Dubey (1994)
	There is a positive relationship between dissection index and drainage density.
	Deolia, and Pande (2014, p. 22)

	3
	Ruggedness number (Rn)
	Ruggedness Number (Rn) Rn = Dd * (H / 1000), where, Dd=drainage density, H=basin relief
	Patton and Baker (1976)
	Rn is positively correlated with erodibility and cerosivity.
	Arabameri et al. (2020, p. 15)

	4
	Average slope (S) in %
	S = (Z × (Ctl/H))/ (10 × A), basin area (A), total basin relief (H), maximum height of the basin (Z) and total contour length, the average angle of slope (tanÕ) = Average no. of contour crossing per mile (A) × contour interval (I) 3361 (constant)
	Wentworth (1930)
	Slope indicates a directly proportional relationship with soil erosion.
	Arabameri et al. (2020, p. 15)

	5
	Slope aspect (As)
	The direction of the maximum slope
	Skidmore (1989)
	Slope aspect impacts gully formation by controlling vegetation coverage and soil characteristics.
	Wang, Wei, and Horton (2011), Patton, and Schumm (1975)

	6
	Flow direction (Fdir)
	Derived from DEM
	Lemenkova, (2016), Martz and Garbrecht (1992)
	Flow direction is associated with flow accumulation and topographic wetness index.
	Ahmadpour et al. (2021, p. 20)

	7
	Flow distance in km (Fdis)
	Derived from DEM and flow direction raster
	Jenson and Domingue (1988)
	Upstream distance varies depending on the width of the terrain cross-section.
	Gomez et al. (2003, p. 3)

	8
	Flow length in km (Fl)
	Derived from stream raster
	Lemenkova (2016)
	Stream length is an important feature to measure the morphometry of drainage basins of gully erosional areas.
	Songu, Oyatayo, and Iorkua (2015, p. 105)

	9
	Stream frequency (Fs)
	Fs = Nu/A, where, Nu= total number of streams, A= area in sq. km
	Horton (1932)
	Stream frequency has a negative relationship with infiltration and a positive relationship with basin roughness.
	Arabameri et al. (2020, p. 13)

	10
	Drainage density (Dd) in km/square km
	Dd = Lu/A, where, Lu= total length of streams, A= area in sq. km
	Horton (1932), Schumm (1956)
	Drainage density is associated dissection of terrain and basin runoff.
	Arabameri et al. (2020, p. 13)

	11
	Infiltration number (If)
	If = Fs × Dd, where, Fs= stream frequency, Dd= drainage density
	Faniran (1968)
	“Sub-basins with high infiltration values are less susceptible to soil erosion.”
	Arabameri et al. (2020, p. 14)

	12
	Normalized Difference Vegetation Index
(NDVI)
	NDVI = 
	Rousse et al. (1973)
	NDVI shows a positive correlation with greenage.

	Van der Knijff, Jones, and Montanarella, (2000)

	13
	Modified Normalized Difference Water Index (MNDWI)
	MNDWI = 
	Han-Qiu (2005)
	An increase in the area of the water index increases soil erosion.
	Gómez-Gutiérrez et al. (2015)

	14
	Normalized Difference Built-up Index (NDBI)
	NDBI = (SWIR – NIR)/ (SWIR + NIR)
	Zha et al. (2003)
	Built-up area is associated with the P-factor of the Universal Soil Loss Equation.
	Balabathina et al. (2020, p. 18), Shin (1999)

	15
	Bare Soil Index (BI)
	SI = ((Red+SWIR) (NIR+Blue)) / ((Red+SWIR) + (NIR+Blue))
	Sangpradid (2018)
	“Gully erosion and runoff rates are related to the amounts of bare soil.”
	Zare et al. (2022, p. 12)

	16
	Land Surface Temperature (LST) in degree C
	DN to Radiance:
Lλ = ((LMAXλ ‐ LMINλ)/(QCALMAX‐QCALMIN)) * (QCAL‐QCALMIN) + LMINλ
Radiance to BT (in K):
T = K2 / ln (K1/Lλ + 1)
where, LMAX and LMIN are spectral values contained in the metadata of Landsat images. The calibration values of pixels for QCALMAX and QCALMIN can be found in Landsat image metadata. K1 and K2 are predetermined constants values, and Lλ is the spectral radiance value of the image. Kelvin to degree C: C=K-273.15
	Nugraha et al. (2019)
Yaseen and Khan (2022)
Mustafa (2020),
Qiuji and Chuting (2015), 
Oguro, Ito, and Tsuchiya (2011), 
Chander et al. (2009)
	“Massive temperature variation in this area
influence the vegetation cover growth that directly influences the
soil erosion.”
	Ghosal, and Bhattacharya (2021, p. 62)

	17
	Rainfall Erosivity Index (REI) 
	R=79+0.363XA
where, R is the rainfall erosivity, Xa is the average annual rainfall in mm over the study area

	Choudhury and Nayak (2003)
	High rainfall intensity highly increases soil erosion.
	Igwe et al. (2017, p. 3156)

	18
	Stream Power Index (SPI)
	SPI = 
where, As is the specific catchment area (m2 m-1), β is the slope gradient (°)
	Moore et al. (1991)
	In the formation process of gullies, SPI controls the power of the erosiveness of land.
	Vijith, and Dodge-Wan (2019)

	19
	Topographic Wetness Index (TWI)
	TWI = 
where As is the specific catchment area (m2 m-1), β is the slope gradient (°)
	Moore et al. (1991)
	TWI influences the saturation of soil associated with gully formation.
	Gómez-Gutiérrez et a. (2015)

	20
	Sediment Transport Index 
(STI)
	STI= (As / 22.13)0.6 × sin (β/ 0.0896)1.3 
where: As is the unit contributing area (in m2/m) and β is the slope angle (in degrees) at a given pixel 
	Burrough and McDonnell (1998)
	“The sediment load would significantly
influence the performance of any suggested stormwater
management system.”
	Almasalmeh, Saleh, and Mourad (2022, p. 1224)


Source Selected by the authors

Table 3 Descriptive statistics of selected indicators (Rampurhat-I)
	Descriptive Statistics

	 
	Mean
	Std. Deviation

	
	Statistic
	Std. Error
	Statistic

	R
	24.8528
	1.02322
	7.58842

	DI
	0.5249
	0.03274
	0.24278

	Rn
	0.4856
	0.01209
	0.08967

	S
	3.5432
	0.27168
	2.01482

	SA
	182.0759
	10.3622
	76.84813

	Fdir
	27.0363
	3.85426
	28.58399

	Fdis
	3.9364
	0.45234
	3.35463

	Fl
	0.6029
	0.08081
	0.59927

	Fs
	1.1129
	0.07798
	0.57834

	DD
	0.062
	0.00725
	0.05379

	If
	0.0842
	0.01178
	0.08739

	NDVI
	0.0925
	0.01578
	0.11699

	MNDWI
	-0.0827
	0.01025
	0.07598

	NDBI
	0.0481
	0.01524
	0.11302

	BSI
	252.3695
	3.74582
	27.77975

	LST
	23.986
	0.15066
	1.1173

	REI
	126.0379
	0.00771
	0.05718

	SPI
	-0.0503
	0.01792
	0.13293

	TWI
	-72.4031
	32.75845
	242.9432

	STI
	0.1874
	0.04949
	0.36705

	Valid N (listwise)
	 
	 
	 


Source Authors’ calculation

Table 4 Descriptive statistics of selected indicators (Bolpur-Sriniketan)
	Descriptive Statistics

	 
	Mean
	Std. Deviation

	
	Statistic
	Std. Error
	Statistic

	R
	22.1346
	1.1583
	8.35259

	DI
	2.3349
	0.14819
	1.06864

	Rn
	0.482
	0.01111
	0.08012

	S
	3.3263
	0.17708
	1.27694

	Sa
	189.2215
	11.43571
	82.46409

	Fdir
	28.8184
	3.74705
	27.02039

	Fdis
	2.9692
	0.51929
	3.74465

	Flen
	0.061
	0.00743
	0.05361

	Fs
	0.4081
	0.01845
	0.13302

	DD
	1.1431
	0.13695
	0.98755

	If
	0.4721
	0.06191
	0.44647

	NDVI
	0.1082
	0.02043
	0.14731

	MNDWI
	-0.0526
	0.02049
	0.14776

	NDBI
	0.0083
	0.02123
	0.15311

	BSI
	0.2329
	0.01409
	0.1016

	LST
	24.0807
	0.17325
	1.24932

	REI
	129.3367
	0.04889
	0.35257

	SPI
	-0.2141
	0.01478
	0.10659

	TWI
	-110.396
	70.15301
	505.8806

	STI
	0.1636
	0.05962
	0.42994

	Valid N (listwise)
	 
	 
	 


Source Authors’ calculation

Table 5 Covariances are among the indicators of gully erosion (Rampurhat-I)
	Covariances

	Variables
	DI
	Rn
	S
	As
	Fdir
	Fdis
	Fl
	Fs
	Dd
	If
	NDVI
	MNDWI
	NDBI
	BI
	LST
	REI
	SPI
	TWI
	STI

	R
	-0.669
	-0.01**
	-0.886
	-73.833
	7.83
	2.658
	0.812
	-0.294
	-0.012
	-0.044
	-0.148
	-0.15
	0.219
	21.521
	2.115
	-0.088
	0.228
	-382.79
	0.864

	DI
	0.059**
	-0.002
	-0.026
	-0.115
	-1.026
	-0.268
	-0.042*
	0.011*
	-0.002
	-0.002
	0.011
	0.006**
	-0.013*
	-2.025**
	-0.117*
	0.004**
	0.001*
	-1.887
	-0.009

	Rn
	-0.002
	0.008
	0.036
	0.119
	-0.037
	-0.016
	0.001
	-0.002
	0.002
	0.002**
	0*
	0
	0
	0.357
	0.005
	-0.001
	-0.002
	2.576
	0.004

	S
	-0.026
	0.036
	4.059
	16.629
	-11.989
	0.928
	0.01
	-0.218
	0.007
	-0.006
	-0.015
	-0.047
	0.043*
	14.239
	0.437
	0.007
	-0.014
	42.894
	0.082

	As
	-0.115
	0.119
	16.629
	5905.634
	25.376
	19.809
	-4.072
	-6.56
	-0.343
	-0.9
	0.325
	-1.111
	0.981
	100.598
	-3.18
	-0.59
	-0.414
	-1906.955
	-1.033

	Fdir
	-1.026
	-0.037
	-11.989
	25.376
	817.044
	-10.21
	0.524
	-2.34
	0.034
	-0.126
	-0.646
	0.147
	0.642
	34.279
	5.704
	-0.308
	0.503
	1312.732
	2.275

	Fdis
	-0.268
	-0.016*
	0.928
	19.809
	-10.21
	11.254
	-0.021
	-0.186
	-0.036
	-0.058
	-0.007
	-0.053
	0.063
	16.423
	0.379
	-0.023
	-0.22
	-248.291**
	-0.44*

	Fl
	-0.042
	0.001*
	0.01
	-4.072
	0.524
	-0.021
	0.359
	0.177
	0.012**
	0.024**
	-0.003**
	0.006
	0.004
	-2.223
	-0.074
	0.016
	0.001**
	-28.055
	0.04

	Fs
	0.011
	-0.002
	-0.218
	-6.56
	-2.34
	-0.186
	0.177
	0.334**
	0.015
	0.036**
	0.001**
	0.007
	-0.005
	-0.518
	-0.094
	0.015
	-0.007**
	-8.318
	-0.004

	Dd
	-0.002
	0.002
	0.007**
	-0.343
	0.034
	-0.036
	0.012
	0.015**
	0.003**
	0.004
	-0.001**
	0
	0
	-0.065
	-0.004
	0
	-0.001
	0.133
	0.004

	If
	-0.002
	0.002
	-0.006*
	-0.9
	-0.126
	-0.058
	0.024
	0.036**
	0.004**
	0.008**
	-0.002
	0.001
	0
	-0.105
	-0.008
	0.001
	-0.001*
	0.652
	0.006

	NDVI
	0.011
	0**
	-0.015
	0.325
	-0.646
	-0.007
	-0.003
	0.001
	-0.001
	-0.002
	0.014
	0.003
	-0.011*
	-2.016**
	-0.102**
	0.001**
	-0.001
	-2.827
	-0.006

	MNDWI
	0.006
	0*
	-0.047
	-1.111*
	0.147
	-0.053
	0.006
	0.007
	0
	0.001
	0.003
	0.006*
	-0.006
	-1.472**
	-0.051**
	0.001**
	-0.001
	-0.282
	-0.005

	NDBI
	-0.013
	0**
	0.043
	0.981
	0.642
	0.063
	0.004
	-0.005
	0
	0
	-0.011
	-0.006**
	0.013**
	2.559
	0.106**
	-0.001**
	0.001
	0.422
	0.007

	BI
	-2.025
	0.357*
	14.239
	100.598
	34.279
	16.423
	-2.223
	-0.518
	-0.065
	-0.105
	-2.016
	-1.472**
	2.559**
	771.714**
	25.125
	-0.226**
	-0.004
	827
	-0.378

	LST
	-0.117
	0.005**
	0.437
	-3.18
	5.704
	0.379
	-0.074
	-0.094
	-0.004
	-0.008
	-0.102
	-0.051**
	0.106**
	25.125**
	1.248**
	-0.012
	0.014
	43.097
	0.04

	REI
	0.004
	-0.001*
	0.007
	-0.59
	-0.308
	-0.023
	0.016
	0.015**
	0**
	0.001
	0.001*
	0.001
	-0.001
	-0.226
	-0.012
	0.003
	0.001
	-1.437
	0.001

	SPI
	0.001
	-0.002
	-0.014
	-0.414
	0.503
	-0.22
	0.001**
	-0.007
	-0.001
	-0.001
	-0.001
	-0.001
	0.001
	-0.004
	0.014
	0.001
	0.018
	11.968
	0.024**

	TWI
	-1.887
	2.576
	42.894
	-1906.955
	1312.732
	-248.291
	-28.055*
	-8.318
	0.133
	0.652
	-2.827
	-0.282
	0.422
	827
	43.097
	-1.437
	11.968
	59021.399**
	17.117

	STI
	-0.009*
	0.004
	0.082
	-1.033
	2.275
	-0.44
	0.04**
	-0.004
	0.004
	0.006
	-0.006
	-0.005
	0.007
	-0.378
	0.04
	0.001
	0.024
	17.117**
	0.135

	**. Significant at the 0.01 level (2-tailed). 
*. Significant at the 0.05 level (2-tailed).


Source Authors’ calculation

Table 6 Covariances are among the indicators of gully erosion (Bolpur-Sriniketan)
	Covariances

	 Variables
 
	R
	DI
	Rn
	S
	As
	Fdir
	Fdis
	Fl
	Fs
	Dd
	If
	NDVI
	MNDWI
	NDBI
	BI
	LST
	REI
	SPI
	TWI
	STI

	
	1
	-.781**
	0.075
	0.192
	-0.036
	-0.147
	0.166
	0.022
	-.343*
	-0.149
	-0.217
	0.08
	-0.052
	0.042
	0.071
	-0.015
	-0.045
	0.015
	0.109
	-0.057

	R
	69.766
	-6.97**
	0.05
	2.047
	-24.506
	-33.16
	5.189
	0.01
	-0.381* 
	-1.226
	-0.81
	0.098
	-0.064
	0.054
	0.06
	-0.153
	-0.134
	0.013
	461.351
	-0.206

	DI
	-6.97**
	1.142
	0
	-0.278
	4.246
	3.527
	0.255
	0.012
	0.012
	-0.109
	-0.043
	0.015
	0.001
	-0.009
	0.012
	-0.085
	-0.025
	0.01
	-93.481
	-0.042

	Rn
	0.05
	0
	0.006
	-0.005
	0.637
	-0.295
	0.026
	0.001
	-0.002
	-0.01
	-0.007
	0.001
	-0.001
	-0.001
	0.001
	-0.013
	-0.003
	0.002
	-3.476
	-0.003

	S
	2.047
	-0.278
	-0.005
	1.631
	-8.12
	-4.768
	-0.316
	-0.01
	-0.029
	-0.208
	-0.145
	-0.064*
	0.089**
	-0.051
	-0.04*
	0.111
	0.013
	-0.079**
	-14.166
	-0.057

	As
	-24.506
	4.246
	0.637
	-8.12
	6800.327
	146.382
	-58.289
	-0.75
	0.161
	1.961
	1.954
	2.789
	-1.328
	-0.832
	0.716
	-11.5
	5.912
	1.285
	-3364.624
	0.073

	Fdir
	-33.16
	3.527
	-0.295
	-4.768
	146.382
	730.102
	10.034
	0.129
	0.771
	2.993
	1.737
	0.277
	-0.746
	0.185
	0.015
	0.849
	0.446
	-0.01
	420.095
	-0.278

	Fdis
	5.189
	0.255
	0.026
	-0.316
	-58.289
	10.034
	14.022
	0.028
	-0.181**
	-0.801
	-0.432
	0.088
	-0.092
	0.055
	-0.01
	0.659
	-0.093
	0.035
	-241.48
	-0.37

	Fl
	0.01
	0.012
	0.001
	-0.01
	-0.75
	0.129
	0.028
	0.003
	-0.001
	0.004
	0.002
	0.001
	0
	0
	0.001
	-0.01
	-0.005
	0.001
	-9.094*
	-0.004

	Fs
	-0.381*
	0.012
	-0.002
	-0.029
	0.161
	0.771
	-0.181**
	-0.001
	0.018
	0.006
	0.021*
	-0.006*
	0.001
	0.002
	-0.003
	0.02
	0.009
	-0.003
	8.968
	0.01

	Dd
	-1.226
	-0.109
	-0.01
	-0.208
	1.961
	2.993
	-0.801
	0.004
	0.006
	0.975
	0.407**
	0.008
	-0.018
	0.018
	0.003
	-0.121
	0.008
	0.015
	-4.616
	-0.012

	If
	-0.81
	-0.043
	-0.007
	-0.145
	1.954
	1.737
	-0.432
	0.002
	0.021*
	0.407**
	0.199
	-0.003
	-0.01
	0.012
	-0.002
	-0.017
	0.012
	0.003
	7.421
	0.004

	NDVI
	0.098
	0.015
	0.001
	-0.064*
	2.789
	0.277
	0.088
	0.001
	-0.006*
	0.008
	-0.003
	0.022
	-0.003
	-0.007*
	0.012
	-0.118**
	-0.016*
	0.008**
	-4.069
	0.007

	MNDWI
	-0.064
	0.001
	-0.001
	0.089**
	-1.328
	-0.746
	-0.092
	0
	0.001
	-0.018
	-0.01
	-0.003
	0.022
	-0.018**
	0.003
	-0.082**
	-0.007
	-0.007**
	-0.641
	0.003

	NDBI
	0.054
	-0.009
	-0.001
	-0.051
	-0.832
	0.185
	0.055
	0
	0.002
	0.018
	0.012
	-0.007*
	-0.018**
	0.023
	-0.009**
	0.144**
	0.014
	0.002
	2.392
	-0.006

	BI
	0.06
	0.012
	0.001
	-0.04*
	0.716
	0.015
	-0.01
	0.001
	-0.003
	0.003
	-0.002
	0.012**
	0.003
	-0.009**
	0.01
	-0.105**
	-0.014**
	0.004**
	0.568
	0.006

	LST
	-0.153
	-0.085
	-0.013
	0.111
	-11.5
	0.849
	0.659
	-0.01
	0.02
	-0.121
	-0.017
	-0.118**
	-0.082**
	0.144**
	-0.105**
	1.561
	0.198**          
	-0.036
	33.015
	-0.044

	REI
	-0.134
	-0.025
	-0.003
	0.013
	5.912
	0.446
	-0.093
	-0.005
	0.009
	0.008
	0.012
	-0.016*
	-0.007
	0.014
	-0.014**
	0.198**
	0.124
	-0.004
	-1.045
	0.023

	SPI
	0.013
	0.01
	0.002
	-0.079**
	1.285
	-0.01
	0.035
	0.001
	-0.003
	0.015
	0.003
	0.008**
	-0.007**
	0.002
	0.004**
	-0.036
	-0.004
	0.011
	-3.467
	0.009

	TWI
	461.351
	-93.481
	-3.476
	-14.166
	-3364.624
	420.095
	-241.48
	-9.094*
	8.968
	-4.616
	7.421
	-4.069
	-0.641
	2.392
	0.568
	33.015
	-1.045
	-3.467
	255915.13
	36.486

	STI
	-0.206
	-0.042
	-0.003
	-0.057
	0.073
	-0.278
	-0.37
	-0.004
	0.01
	-0.012
	0.004
	0.007
	0.003
	-0.006
	0.006
	-0.044
	0.023
	0.009
	36.486
	0.185

	**. Significant at the 0.01 level (2-tailed).
*. Significant at the 0.05 level (2-tailed).


Source Authors’ calculation



