Table 1: Methodology for the generation of Vegetation indices

	Vegetation index
	Equation

	Normalized Difference Vegetation Index (NDVI)
	[image: image1.png]NIR — Red
NIR + Red







	Enhanced  vegetation index (EVI)
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NIR + C1 * Red — C2 * Blue + L




G (Gain factor) =2.5

C1= 6, C2=7.5, L=1


	NDMI (Normalized Difference Moisture Index)
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Table 2: Sample points used in the study area
	Sample points
	Latitude
	Longitude

	1
	 23°11'55.69"N
	 82° 7'32.43"E

	2
	 23°13'3.23"N
	 82° 7'32.57"E

	3
	 23°17'10.60"N
	 82° 9'30.94"E

	4
	 23°16'7.91"N
	 82° 8'33.97"E

	5
	 23°10'25.17"N
	 81°59'25.35"E

	6
	 23° 9'25.96"N
	 82° 3'51.38"E

	7
	 23° 8'59.53"N
	 82° 2'55.14"E

	8
	 23° 9'25.96"N
	 82° 3'51.38"E

	9
	 23° 9'35.95"N
	 82° 3'10.95"E

	10
	 23° 9'16.78"N
	 82° 2'43.38"E

	11
	 23° 8'53.65"N
	 82° 3'48.15"E

	12
	 23°10'38.72"N
	 81°59'7.37"E

	13
	 23°10'6.82"N
	 81°59'1.95"E

	14
	 23°10'29.81"N
	 81°58'21.83"E

	15
	 23°15'39.91"N
	 82° 7'20.73"E

	16
	 23°14'40.76"N
	 82° 8'58.32"E

	17
	 23°14'21.31"N
	 82° 6'48.08"E

	18
	 23°14'18.06"N
	 82° 6'39.84"E

	19
	 23°13'10.38"N
	 82° 7'1.63"E

	20
	 23°16'39.56"N
	 82° 8'23.23"E

	21
	 23°10'14.35"N
	 81°58'46.78"E

	22
	 23°12'1.16"N
	 82° 8'16.16"E

	23
	 23°14'31.96"N
	 82° 8'52.81"E

	24
	 23°14'30.58"N
	 82° 8'32.82"E

	25
	 23°14'41.30"N
	 82° 8'52.10"E


Table 3: Physico-chemical parameters employed for qualitative investigation of the soil in study area

	S. no.
	Parameter
	Method used
	Reference

	Physical parameter

	1
	Bulk density
	Undisturbed core sampler method using a volumetric cylinder
	(Black, 1965)

	Chemical parameters

	2
	pH
	Using a glass-calomel electrode
	(Reeuwijk, 1992)

	3
	Conductivity
	Multimeter
	(Reeuwijk, 1992)

	1
	Organic Carbon
	Titrimetric methods
	(Walkeley and Black, 1934)

	2
	Total Nitrogen
	Kjeldahl digestion, distillation, and titration method
	(Reeuwijk, 1992).

	        3
	Available Phosphorus
	0.5M sodium bicarbonate extraction solution/pH 8.5/method of Olsen
	(Reeuwijk, 1992).

	4
	Potassium
	UV-Spectrophotometer
	(APHA, 2005)

	5
	Cu, Fe, Mg
	Standard methodologies of APHA.
	(APHA, 2005)


Table 4: Investigation of Physico-chemical parameters at varying soil depths at Kotma mining site

	S.N.
	Soil characteristics
	Units
	Different Soil depths at Kotma mining site

	
	
	
	0-30 cm
	30-60cm

	1
	pH
	Dimensionless
	6.4
	6.58

	2
	Conductivity
	µS/cm
	85.5
	77

	3
	Bulk density
	g cc-3
	2.2
	2.5

	4
	Nitrogen
	kg/ha
	710
	700

	5
	Phosphorus
	kg/ha
	320
	272

	6
	Potassium
	kg/ha
	478
	365

	7
	Organic Carbon
	kg/ha
	6802
	5500

	8
	Magnesium (Mg)
	kg/ha
	40.5
	25.2

	9
	Copper (Cu)
	kg/ha
	16.12
	11.36

	10
	Iron (Fe)
	kg/ha
	36.48
	22.96


Table 5: Land use and land cover classification of Coalmines areas (2001 to 2020)
	S. N.
	Land Use Classes
	2001Area in 

(Sq Km)
	2020Area in 

(Sq Km)
	Change detection in area (Sq km)

	1
	Water bodies
	51.52
	54.25
	2.73

	2
	Dense Vegetation
	231.92
	218.18
	-13.74

	3
	Sparse vegetation
	86.14
	82.13
	-4.01

	4
	Agriculture
	57.35
	72.26
	14.91

	5
	Settlement
	83.85
	94.79
	10.94

	6
	Coal Mines
	59.66
	75.5
	15.84

	 7
	OB dump
	29.1
	32.25
	3.15

	8
	Total
	614.45
	614.45
	-


RED color indicates decrease in area while GREEN indicates increase in area over the studied period       
    Table 6: Accuracy assessment using confusion matrix generated from test training data for 2001 
                   Landsat-5 (Overall classification accuracy: 89.37%)   
	Classes


	Reference Totals
	Classified Totals
	Number correct
	Producers Accuracy
	User Accuracy

	Water bodies
	23
	23
	23
	98
	22.54

	Dense Vegetation
	19
	19
	19
	89.36
	16.9784

	Sparse vegetation
	21
	21
	21
	89
	18.69

	Agriculture
	11
	11
	11
	96.65
	10.6315

	Settlement
	23
	23
	23
	89.36
	20.5528

	Coal Mines
	21
	21
	21
	86.55
	18.1755

	OB dump
	25
	25
	25
	81.22
	20.305

	Total
	143
	143
	143
	
	127.8732


User accuracy: 127.8

Classification Accuracy [image: image5.png]1278 L 100
143



   = 89.37%
Overall classification accuracy:89.37%
Over all Kappa statistics: 0.89

Table 7: Accuracy assessment using confusion matrix generated from test training data for 2020 
Landsat-8 (Overall classification accuracy: 96.2%)

	Classes


	Reference Totals
	Classified Totals
	Number correct
	Producers Accuracy
	User Accuracy

	Water bodies
	6
	6
	6
	95.69%
	2.0

	Dense Vegetation
	3
	3
	3
	93.50%
	28.8

	Sparse vegetation
	12
	12
	12
	88.20%
	14.5

	Agriculture
	10
	10
	10
	86.20%
	23.1

	Settlement
	5
	5
	5
	81.50%
	16.1

	Coal Mines
	13
	13
	13
	80.65%
	6.9

	OB dump
	8
	8
	8
	79%
	5.7

	Total
	57
	57
	57
	
	54.9


User accuracy: 54.9
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   = 96.21%
Overall classification accuracy: 96.21%

Overall Kappa statistics: 0.96

          Table 8: Species used in eco-restoration of abandoned coal mining sites
	SN
	Common Name
	Scientific Name
	Family

	Tree Species

	1
	Amaltas
	Cassia fistula L.
	Caesalpiniaceae

	2
	Aonla
	Emblica officinalis Gaertn.
	Euphorbiaceae

	3
	Bahera
	Terminalia bellirica (Gaertn.) Roxb.
	Combretaceae

	4
	Bahunia
	Bauhinia purpurea L.
	Caesalpiniaceae

	5
	Dhamda
	Terminalia arjuna (Roxb. ex DC.)
	Combretaceae

	6
	Dhaora
	Anogeissus latifolia (Roxb. ex DC.)
	Combretaceae

	7
	Karra
	Cleistanthus collinus (Roxb.) Benth.
	Phyllanthaceae

	8
	Gunja
	Lannea coromandelica (Houtt.) Merr.
	Anacardiaceae

	9
	Harra
	Terminalia chebula Retz.
	Combretaceae

	10
	Jamun
	Syzygium cumini (L.) Skeels
	Myrtaceae

	11
	Kalmi
	Adina dissimilis Craib
	Rubiaceae

	12
	Kusum
	Schleichera oleosa (Lour.) Merr.
	Sapindaceae

	13
	Mahua
	Madhuca latifolia (Roxb.) J.F.Macbr.
	Sapotaceae

	14
	Saija
	Lagerstroemia parviflora Roxb.
	Lythraceae

	15
	Saja
	Terminalia tomentosa Wight & Arn.
	Combretaceae

	16
	Sal
	Shorea robusta Gaertn.
	Dipterocarpaceae

	17
	Teak
	Tectona grandis L.f.
	Verbenaceae

	18
	Tendu
	Diospyros melanoxylon Roxb.
	Ebenaceae

	19
	Tinsa
	Ougeinia dalbergioides Benth.
	Papilionaceae

	20
	Eucalyptus
	Eucalyptus tereticornis var. brevifolia Benth.
	Myrtaceae

	21
	Palas
	Butea monosperma (Lam.) Taub.
	Leguminosae

	Shrub Species

	1
	Chind
	Phoenix acaulis 
	Arecaceae

	2
	Madar
	Calotropis procera
	Asclepiadaceae

	3
	Gursukhri
	Grewia hirsuta
	Tiliaceae

	4
	Dhawai
	Woodfordia fruticosa 
	Lythraceae

	5
	Jharber
	Ziziphus nummularia 
	Rhamnaceae

	6
	Mahul
	Bauhinia vahlii
	Caesalpiniceae

	7
	Bans
	Bambusa bambos 
	Bambusaceae 

	8
	Kachnar
	Bauhinia variegata
	Cacsalpiniaceae

	9
	Nasarbal
	Butea parviflora 
	Laguminosae (Papilionaceae)

	10
	Kantabans
	Dendrocalamus strictus 
	Graminae

	11
	Baichandi
	Dioscorea hispida
	Dioscoreaceae

	12
	Makoi
	Ziziphus oenoplia 
	Rhamnaceae

	Herbaceous species

	1
	Pulpuli grass
	Arthraxon hispidus
	Poaceae

	2
	Kharmor
	Rungia pectinata
	Acanthaceae

	3
	Tinpaniya
	Oxalis corniculata
	Oxalidaceae

	4
	Maskani
	Evolvulus nummularius
	Convolvulaceae

	5
	Bhui amla
	Phyllaanthus nirui
	Euphorbiaceae

	6
	Kharatti
	Sida acuta
	Malvaceae

	7
	Kubbi
	Ageratum conizoides
	Asteraceae

	8
	Naichi bhaji
	Smithia conferta
	Fabaceae

	9
	Kaniya kanda
	Dioscorea oppositifolia
	Dioscoreaceae

	10
	Kena
	Commelina diffusa
	Commelinaceae

	11
	Salparni
	Desmodium gangeticum
	Fabaceae

	12
	Cigar plant
	Cuphea balsamina
	Lythraceae

	13
	Pihri chara
	Macardonia procumbence
	Scrophulariaceae

	14
	Jangli Tulsi
	Ocimum gratissimum
	Lamiaceae

	15
	Dubia
	Lindernia dubia
	Linderniaceae

	16
	Chkoda
	Cassia tora
	caesalpiniaceae

	17
	Kurie
	Bidense pilosa
	Asteraceae

	18
	Brahmi
	Bacopa monnieri
	Plantaginaceae

	19
	Kevkand
	Dioscorea bulbifera
	Dioscoreaceae

	20
	Nagar motha
	Cyperus gracilis
	Poaceae

	21
	Ghuia
	Colocasia esculenta
	Araceae

	22
	Jungli sama
	Echinochloa  colona
	Poaceae

	23
	Chauli
	Alysicarpus monilifer
	Fabaceae


Table 9: Distribution of land use classes using various vegetation indices for the years 2001 and 2020


	               Indices
Land 

Use
Classes
	NDVI
	EVI
	NDMI

	
	Area in ha 2001
	Area in ha 2020
	Change value %
	Area in ha 2001
	Area in ha 2020
	Change value %
	Area in ha 2001
	Area in ha 2020
	Change value%

	Coal Mine /OB Dump/Settlement
	22766.21
	23692.21
	37.97
	6244.33
	6094.33
	9.1
	15798.55
	18794.55
	30.58

	Agriculture
	10854.98
	9624.98
	15.66
	7269.3
	4499.3
	8.5
	10854.98
	9624.98
	15.66

	Sparse vegetation
	9085.22
	8899.22
	14.48
	6086.22
	7575.22
	12.1
	17852.88
	13796.88
	22.45

	Dense vegetation
	11159.3
	10969.3
	17.89
	33165.96
	31996.86
	52
	9359.3
	10969.3
	17.85

	Water bodies
	7596.3
	8276.3
	14
	8696.2
	11296.3
	18.3
	7596.3
	8276.3
	13.47


Red color indicates decrease in area over time                                  Green color indicates increase in area over time

Table 10: Establishment of correlations among important vegetation indices with Soil organic carbon, nutrient contents (N,P,K), Bulk density, pH, Density, Basal area and meteorological parameters in the Study Area
	
	NDVI
	EVI
	NDMI
	SOC
	Nitrogen
	Phosphorus
	Potassium
	BD
	pH
	Density
	Basal area
	Temperature
	Precipitation

	NDVI
	1
	
	
	
	
	
	
	
	
	
	
	
	

	EVI
	0.67**
	1
	
	
	
	
	
	
	
	
	
	
	

	NDMI
	0.71**
	0.57**
	1
	
	
	
	
	
	
	
	
	
	

	SOC
	0.35*
	0.19 NS
	0.20 NS
	1
	
	
	
	
	
	
	
	
	

	Nitrogen
	0.28 NS
	0.13 NS
	0.23 NS
	0.34*
	1
	
	
	
	
	
	
	
	

	Phosphorus
	0.07 NS
	0.22 NS
	0.23 NS
	0.32 NS
	0.23 NS
	1
	
	
	
	
	
	
	

	Potassium
	0.13 NS
	0.03 NS
	0.31 NS
	0.22 NS
	0.19 NS
	0.28 NS
	1
	
	
	
	
	
	

	BD
	0.54**
	0.23 NS
	0.51**
	0.43*
	0.41**
	0.22 NS
	0.19 NS
	1
	
	
	
	
	

	pH
	-0.13 NS
	-0.07 NS
	0.25 NS
	0.21 NS
	0.19 NS
	0.10 NS
	0.098 NS
	0.11 NS
	1
	
	
	
	

	Density
	0.67**
	0.59**
	0.44*
	0.37*
	0.23 NS
	0.21 NS
	0.19 NS
	0.13 NS
	0.07 NS
	1
	
	
	

	Basal area
	0.71**
	0.54**
	0.29 NS
	0.22 NS
	0.19 NS
	0.28 NS
	0.13 NS
	0.19 NS
	0.22 NS
	0.21 NS
	1
	
	

	Temperature
	0.61**
	0.37 *
	0.58**
	0.13 NS
	0.07 NS
	0.11  NS
	0.09 NS
	0.22 NS
	0.21 NS
	0.37 *
	0.13 NS
	1
	

	Precipitation
	0.36 *
	0.21NS
	0.47*
	0.10 NS
	0.14 NS
	0.17  NS
	0.09 NS
	0.23 NS
	0.13 NS
	0.22 NS
	0.22 NS
	0.11 NS
	1


**.  Correlation is significant at the 0.01 level (2-tailed)

*.    Correlation is significant at the 0.05 level (2-tailed)

NS. Non-significant.





















