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Supplementary Table 1 NDVI values representing various LULC classes.
	Year
	LULC classes

	
	Open water
	Thick vegetation
	Thin vegetation
	Built-up
	Agriculture / Pisciculture farm 

	1988
	-0.777778 to -0.036741
	0.204901 to 0.591529
	0.027697 to 0.140463
	-
	-

	2023
	-0.154286 to -0.061473
	0.141027 to 0.383606
	0.016574 to 0.138918
	-0.015067 to -0.012957
	-0.059364 to -0.017176
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Supplementary Table 2 Accuracy assessments of Pumlen/Khoidum for (a) 1988 and (b) 2023.
(a) 1998:
	Class Name
	Reference Total
	Classified Total
	Number Correct
	Producers Accuracy
	Users Accuracy
	Overall Classification Accuracy

	Thick vegetation
	9
	10
	9
	100.00%
	90.00%
	         93.33%

	Thin vegetation
	12
	10
	10
	83.33%
	100.00%
	

	Open water
	9
	10
	9
	100.00%
	90.00%
	

	Column Total
	30
	30
	28
	---
	---
	



(b) 2023:
	Class Name
	Reference Total
	Classified Total
	Number Correct
	Producers Accuracy
	Users Accuracy
	Overall Classification Accuracy

	Thick vegetation
	12
	10
	10
	83.33%
	100.00%
	96.00%

	Thin vegetation
	9
	10
	9
	100.00%
	90.00%
	

	Open water
	9
	10
	9
	100.00%
	90.00%
	

	Built up
	10
	10
	10
	100.00%
	100.00%
	

	Agriculture or Pisciculture farm
	10
	10
	10
	100.00%
	100.00%
	

	Column Total
	50
	50
	48
	-
	-
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Supplementary Table 3 Accuracy assessments of Ikop/Kharung for (a) 1988 and (b) 2023.
(a) 1988:
	Class name
	Reference Totals
	Classified Totals
	Number Correct
	Producers Accuracy
	Users Accuracy
	Overall Classification Accuracy

	Thin Vegetation
	9
	10
	9
	100.00%
	90.00%
	94.00%

	Thick Vegetation
	10
	10
	9
	90.00%
	90.00%
	

	Agriculture or Pisciculture farm
	11
	10
	10
	90.90%
	100.00%
	

	Open Water
	10
	10
	9
	90.00%
	90.00%
	

	Total
	50
	50
	47
	---
	---
	



(b) 2023:
	Class Name
	Reference Totals
	Classified Totals
	Number Correct
	Producers Accuracy
	Users Accuracy
	Overall Classification Accuracy

	Agriculture or Pisciculture farm
	11
	10
	10
	90.00%
	100.00%
	96.00%


	Thin Vegetation
	9
	10
	9
	100.00%
	90.00%
	

	Thick Vegetation
	11
	10
	10
	90.90%
	100.00%
	

	Open Water
	9
	10
	9
	100.00%
	90.00%
	

	Built-up area
	10
	10
	10
	100.00%
	100.00%
	

	Total
	50
	50
	46
	---
	---
	


Impact of land use change on wetland water quality in the Keibul Lamjao Conservation Area (a proposed mixed UNESCO World Heritage site) from northeast India

Anjali Waikhom1, Waikhom Tomthinnganba Mangang1, Maibam Dhanaraj Meitei1*, RK Chingkhei2, Khoinaijam Sashikanta Meitei1

1Department of Environmental Science, Manipur University, Canchipur, Manipur, India.
2Department of Environmental Science, Dhanamanjuri University, Imphal, Manipur, India.
Corresponding author email: maibam.meitei@yahoo.in*

Supplementary Table 4 Methods and instruments used for the analysis of various water parameters.
	Sl. No
	Parameters
	Abbreviations
	Methods / Instruments

	1
	pH
	pH
	Water analyser kit / pH meter

	2
	Electrical Conductivity
	EC 
	Water analyser kit / EC meter

	3
	Total Dissolved Solids
	TDS
	Water analyser kit / EC meter

	4
	Turbidity
	T
	Nephelometric Turbidity Meter

	5
	Dissolved Oxygen
	DO
	Water analyser kit 

	6
	Alkalinity
	Alk
	Titration with H2SO4

	7
	Chloride
	Cl-
	Titration with silver nitrate, potassium chromate indicator

	8
	Total Hardness
	TH
	Titration with EDTA, EBT indicator

	9
	Calcium Hardness
	Ca2+
	Titration with EDTA

	10
	Sodium 
	Na+
	Flame photometer

	11
	Potassium
	K+
	Flame photometer

	12
	Nitrate
	NO3-
	UV–visible spectrophotometer

	13
	Phosphate  
	PO43 -
	Persulphate digestion, Stannous chloride method using UV–visible spectrophotometer
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Supplementary Table 5 Assigned and relative weight of the physico chemical parameters.

	Sl. No
	Parameter
	Weight (wi)
	Relative Weight (Wi)

	1
	pH
	4
	0.07

	2
	Cl-
	3
	0.06

	3
	EC
	4
	0.07

	4
	TH
	4
	0.07

	5
	DO
	5
	0.09

	6
	TDS
	4
	0.07

	7
	Ca2+
	3
	0.06

	8
	Mg2+
	3
	0.06

	9
	Na+
	3
	0.06

	10
	K+
	3
	0.06

	11
	NO3-
	5
	0.09

	12
	Turbidity
	5
	0.09

	13
	PO43 -
	5
	0.09

	14
	Alk
	3
	0.06
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Supplementary Table 6 Direction of change within the classes of LULC during 1988 and 2023 obtained from overlay analysis for Pumlen/Khoidum.
	Sl. No.
	LULC Change Direction
	Area (in km2)

	1
	Open Water (Unchanged)
	0.77

	2
	Open Water to Thick Vegetation
	2.73

	3
	Open Water to Thin Vegetation
	3.30

	4
	Open Water to Built-up area
	0.36

	5
	Open Water to Agriculture or Pisciculture farm
	3.14

	6
	Thick Vegetation to Open Water
	1.39

	7
	Thick Vegetation (Unchanged)
	12.42

	8
	Thick Vegetation to Thin Vegetation
	9.21

	9
	Thick Vegetation to Built-up area
	1.39

	10
	Thick Vegetation to Agriculture or Pisciculture farm
	8.68

	11
	Thin Vegetation to Open Water
	0.60

	12
	Thin Vegetation to  Thick Vegetation
	10.46

	13
	Thin Vegetation (Unchanged)
	7.98

	14
	Thin Vegetation to Built-up area
	2.06

	15
	Thin Vegetation to Agriculture or Pisciculture farm
	12.92

	 
	Total
	77.41
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Supplementary Fig. 1. Map showing direction of changes within LULC classes obtained from overlay analysis for Pumlen/Khoidum.
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Supplementary Table 7 Direction of change within the classes of LULC during 1988 and 2023 obtained from overlay analysis for Ikop/Kharung.
	Sl. No.
	LULC Change Direction
	Area (in km2)

	1
	Open Water (Unchanged)
	0.86

	2
	Open Water to Thick Vegetation
	1.92

	3
	Open Water to Thin Vegetation
	1.22

	4
	Open Water to Agriculture or Pisciculture farm
	2.20

	5
	Open Water to Built-up area
	0.03

	6
	Thin Vegetation to Agriculture or Pisciculture farm
	4.77

	7
	Thin Vegetation(Unchanged)
	2.28

	8
	Thin Vegetation to Thick Vegetation
	3.42

	9
	Thin Vegetation to Open Water
	1.37

	10
	Thin Vegetation to Built-up area
	0.08

	11
	Thick Vegetation to Agriculture or Pisciculture farm
	11.23

	12
	Thick Vegetation to Thin Vegetation
	4.82

	13
	Thick Vegetation(Unchanged)
	6.94

	14
	Thick Vegetation to Open Water
	3.56

	15
	Thick Vegetation to Built-up area
	0.14

	16
	Agriculture or Pisciculture farm (Unchanged)
	6.87

	17
	Agriculture or Pisciculture farm to Thin Vegetation
	1.08

	18
	Agriculture or Pisciculture farm to Thick Vegetation
	2.54

	19
	Agriculture or Pisciculture farm to Open Water
	0.67

	20
	Agriculture or Pisciculture farm to Built-up area
	0.22

	 
	Total
	56.22
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Supplementary Fig. 2. Map showing direction of changes within LULC classes obtained from overlay analysis for Ikop/Kharung.
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Supplementary Table 8 Physico-chemical characteristics of surface water from Pumlen/Khoidum for (a) PoM and (b) PM period during 2022 - 2023.
(a) PoM:
	Parameters 
	Sampling Locations
	
	
	

	
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8
	P9
	P10

	pH
	6.65±0.13
	6.69±0.27
	6.60±0.16
	6.38±0.14
	6.52±0.06
	6.58±0.28
	6.73±0.08
	6.83±0.086
	6.80±0.14
	6.64±0.04

	EC (µS cm-1)
	393±18.7
	177±10.01
	162±4.02
	192.3±9.01
	256.6±5.13
	179.3±5.86
	154±5.56
	191.6±3.41
	276.6±5.16
	141.6±3.78

	TDS (mg L-1)
	201.3±9.54
	91.13±4.92
	84.3±12.08
	99.36±4.98
	132±5.76
	90.06±2.73
	78.9±2.65
	97.3±1.35
	142.6±9.02
	75.4±1.74

	Turbidity (NTU)
	54.5±7.83
	20.03±1.35
	87.9±9.18
	25.86±5.39
	51.73±4.46
	29.1±2.44
	12.7±2.80
	13.2±3.05
	24.2±1.33
	19.9±4.37

	DO (mg L-1)
	4.2±1.41
	4.5±0.71
	5.4±1.13
	6.5±1.55
	4.8±0.28
	4.7±0.71
	3.8±0.28
	4.6±2.26
	3.8±0.62
	6.3±0.14

	Chloride (mg L-1)
	170.4±5.66
	69.1±6.27
	12.78±1.42
	9.94±1.42
	9.94±2.45
	14.2±5.68
	7.57±2.16
	8.99±0.81
	12.78±3.75
	8.52±2.45

	Alkalinity (mg L-1)
	134.6±12.81
	81.3±2.30
	74.6±8.08
	96±4.26
	104.6±4.74
	110±7.37
	94.6±3.65
	85.3±3.35
	120±7.43
	85.3±12.85

	Total Hardness 
(mg L-1 as CaCO3)
	100±5.54
	66.6±1.53
	70.6±8.43
	56±4.45
	81.3±7.37
	92±9.23
	78±3.46
	115.3±3.05
	100±2.11
	86.6±2.23

	Ca2+ (mg L-1)
	10.6±3.33
	5.34±3.33
	9.35±1.22
	9.35±2.31
	13.36±1.49
	18.4±3.25
	6.95±1.24
	6.68±1.66
	10.4±2.89
	8.28±2.17

	Mg2+ (mg L-1)
	21.7±1.86
	14.96±3.61
	14.96±4.46
	11.3±3.13
	16.5±2.92
	17.9±1.51
	17.3±0.53
	26.5±1.35
	21.85±1.86
	19.12±2.63

	Na+ (mg L-1 )
	17.2±0.51
	7.62±0.02
	6.23±0.09
	10.4±1.74
	7.55±1.81
	6.32±0.49
	4.77±0.05
	7.17±0.07
	12.11±1.39
	5.40±0.01

	K+ (mg L-1 )
	24.4±1.12
	7.35±0.07
	2.73±0.56
	2.31±1.84
	5.07±0.87
	5.12±0.14
	1.94±0.57
	3.34±0.21
	4.52±0.13
	1.53±0.18

	NO3-  (mg L-1)
	10.3±0.02 
	3.96±0.27
	4.12±0.14
	3.78±0.61
	3.45±0.47
	5.27±0.45
	0.41±0.06
	1.75±0.18
	3.71±0.12
	0.85±0.15

	PO43 -  (mg L-1)
	0.11±0.02
	0.05±0.02
	0.02±0.009
	0.02±0.004
	0.07±0.01
	0.12±0.08
	0.11±0.05
	0.15±0.01
	0.02±0.005
	0.02±0.002


(b) PM:
	Parameters 
	Sampling Locations
	
	
	

	
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8
	P9
	P10

	pH
	6.68±0.05
	6.74±0.12 
	6.63±0.06
	6.89±0.14
	7.02±0.09
	6.84±0.06
	6.81±0.05
	6.93±0.02
	7.03±0.03
	6.95±0.03

	EC (µS cm-1)
	548±8.25
	339±11.12
	356.3±26.27
	560.3±25.61
	287.6±28.15
	276.3±31.5
	243.3±1.52
	298±41.58
	471±7.81
	212.6±9.86

	TDS (mg L-1)
	282.6±4.19
	171.3±7.76
	183.3±12.71
	280±12.13
	147.3±14.01
	142±14.57
	126.3±1.32
	149±22.57
	241.6±1.52
	212.6±9.33

	Turbidity (NTU)
	33.3±6.48
	10.6±2.56
	8.83±4.16
	22.16±1.21
	23.76±1.48
	7.16±2.88
	8.7±1.42
	9.73±2.73
	18.9±1.81
	10.76±1.68

	DO (mg L-1)
	4.0±1.47
	3.6±0.56
	4.0±0.01
	5.6±0.01
	2.9±0.14
	4.6±0.84
	3.1±0.59
	3.5±0.71
	3.0±1.41
	2.5±0.71

	Chloride (mg L-1)
	52.06±1.84
	40.23±2.88
	30.76±4.09
	26.03±4.09
	28.4±1.11
	11.83±1.09
	18.93±5.91
	21.3±7.10
	33.13±8.19
	21.3±0.01

	Alkalinity (mg L-1)
	153.3±1.52
	70±6.45
	96.6±7.02
	106.6±3.55
	100±0.99
	66.6±1.95
	76.6±5.77
	100±2.01
	143.3±5.77
	80±0.01

	Total Hardness 
(mg L-1 as CaCO3)
	133.3±7.01
	73.3±2.19
	100±0.01
	166.6±4.21
	80±0.01
	60.9±0.01
	73.3±11.5
	163.3±1.85
	139.1±9.01
	66.6±11.51

	Ca2+ (mg L-1)
	30.7±2.31
	36.07±0.01
	28.85±2.73
	34.73±1.65
	40.08±1.01
	29.3±3.03
	32.5±4.83
	31.52±1.45
	48.09±1.16
	34.7±2.44

	Mg2+ (mg L-1)
	25.03±4.20
	9.09±1.17
	17.35±1.88
	32.19±4.71
	9.74±1.95
	7.46±0.74
	9.94±1.92
	32.16±3.95
	22.26±3.79
	7.79±1.38

	Na+ (mg L-1 )
	27±1.17
	19.8±0.62
	15.9±0.69
	15.2±1.64
	12.7±0.93
	8.75±0.63
	10.16±0.09
	13.6±3.99
	24.4±0.76
	9.27±0.13

	K+ (mg L-1 )
	31.9±1.11
	15.63±2.22
	10.89±0.55
	12.88±1.01
	10.99±1.05
	5.21±1.25
	8.63±1.50
	6.81±1.31
	14.6±0.16
	5.4±0.11

	NO3-  (mg L-1)
	7.72±0.41
	0.72±0.02
	0.43±0.12
	1.07±0.13
	0.85±0.24
	1.44±0.38
	0.40±0.14
	0.80±0.21
	2.82±0.37
	0.17±0.13

	PO43 -  (mg L-1)
	0.09±0.05
	0.02±0.006
	0.01±0.001
	0.01±0.004
	0.01±0.003
	0.03±0.009
	0.02±0.001
	0.02±0.007
	0.01±0.002
	0.01±0.002
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Supplementary Table 9 Physico-chemical characteristics of surface water from Ikop/Kharung for (a) PoM and (b) PM period during 2022 – 2023.
(a) PoM:
	Parameters 
	Sampling Locations
	
	

	
	I1
	I2
	I3
	I4
	I5
	I6
	I7

	pH
	6.93±0.07
	6.83±0.07
	6.77±0.02
	7.09±0.11
	6.88±0.03
	6.7±0.01
	6.6±0.02

	EC (µS cm-1)
	238.33±4.54
	210±2.64
	166±2.51
	216.66±2.88
	206±4.01
	230±1.73
	203.66±2.30

	TDS (mg L-1)
	122.66±1.52
	103.66±2.08
	84.86±7.89
	109.66±1.15
	104.33±2.08
	116.66±0.57
	103.66±0.57

	Turbidity (NTU)
	17.93±3.53
	12.1±2.44
	33.53±1.26
	12.23±1.52
	18.83±0.98
	31.03±3.16
	27.73±3.35

	DO (mg L-1)
	5.32±0.51
	5.6±0.11
	3.08±0.50
	3.8±0.05
	5.92±1.35
	3.72±0.05
	5.88±0.62

	Chloride (mg L-1)
	9.46±1.78
	5.2±1.9
	4.73±2.71
	6.15±0.14
	7.57±4.01
	7.57±4.51
	5.2±1.68

	Alkalinity (mg L-1)
	156±21.16
	95.33±3.05
	87.33±8.08
	112.6±12.05
	117.3±2.35
	151.33±13.31
	246.66±11.54

	Total Hardness (mg L-1 as CaCO3)
	131.33±14.46
	92±12.49
	70.66±3.05
	92.66±6.11
	104.66±5.14
	108.66±4.16
	100±10.01

	Ca2+ (mg L-1)
	14.42±0.80
	10.42±0.80
	9.08±1.22
	15.76±0.46
	13.36±0.46
	12.55±0.92
	11.48±0.92

	Mg2+ (mg L-1)
	28.52±3.71
	19.91±3.19
	15.02±0.54
	18.76±1.38
	22.28±3.63
	23.45±1.24
	21.59±2.63

	Na+ (mg L-1 )
	11.03±0.01
	6.81±0.06
	6.02±0.05
	5.96±0.08
	6.63±0.04
	7.15±0.05
	7.28±0.10

	K+ (mg L-1 )
	6.62±0.05
	3.01±0.02
	1.04±0.09
	1.27±0.01
	0.64±0.03
	0.56±0.23
	1.29±0.01

	NO3-  (mg L-1)
	0.79 ±0.19 
	1.01±0.16
	2.46±0.15
	1.43±0.16
	3.77±0.12
	6.43±0.21
	2.88±0.19

	PO43 -  (mg L-1)
	0.25±0.02 
	0.24±0.02
	0.31±0.06
	0.25±0.02
	0.18±0.08
	0.32±0.06
	0.32±0.05



(b) PM:
	Parameters 
	Sampling Locations
	
	

	
	I1
	I2
	I3
	I4
	I5
	I6
	I7

	pH
	7.21±0.11
	7.18±0.16
	6.93±0.22
	7.4±0.11
	7.51±0.23
	6.81±0.15
	6.72±0.15

	EC (µS cm-1)
	301±7.54
	211.33±4.04
	304.33±6.65
	304±2.99
	361.33±6.02
	319±9.64
	278±4.01

	TDS (mg L-1)
	152±1.73
	107.33±1.52
	155.66±2.51
	154.66±1.15
	183.66±2.51
	165.66±4.93
	141.33±2.08

	Turbidity (NTU)
	8.23±5.65
	3.76±0.05
	11.7±0.51
	5.3±0.62
	5.76±1.01
	19.33±7.91
	6.73±2.69

	DO (mg L-1)
	4.4±0.28
	4.8±0.01
	2.4±0.02
	2.4±0.22
	2.52±0.05
	3.32±0.05
	3.44±0.97

	Chloride (mg L-1)
	13.72±2.16
	5.2±0.81
	10.88±0.81
	11.83±0.81
	33.6±1.32
	15.14±0.81
	13.25±2.16

	Alkalinity (mg L-1)
	80±4.01
	88.66±6.42
	128.66±4.16
	119.33±11.01
	108±6.02
	135.33±16.77
	109.33±9.01

	Total Hardness (mg L-1 as CaCO3)
	80±3.46
	74±5.29
	114±6.01
	108.66±9.08
	100±7.21
	120±17.32
	96.66±10.06

	Ca2+ (mg L-1)
	18.7±1.66
	21.9±2.44
	24.84±1.66
	21.37±0.21
	22.7±2.81
	21.37±2.31
	20.04±4.01

	Mg2+ (mg L-1)
	14.95±0.63
	12.71±0.83
	21.75±1.69
	21.29±1.49
	18.85±2.01
	24.06±3.66
	18.69±2.53

	Na+ (mg L-1 )
	10.44±0.07
	9.34±0.12
	13.04±0.10
	12.54±0.09
	9.67±0.04
	17.57±0.41
	12.42±0.47

	K+ (mg L-1 )
	3.49±0.04
	1.05±0.01
	5.28±0.11
	4.35±0.09
	25.6±0.05
	3.62±0.18
	7.46±0.23

	NO3-  (mg L-1)
	0.28 ±0.15
	0.54±0.54
	0.15±0.15
	0.04±0.01
	0.07±0.04
	1.19±0.15
	0.11±0.02

	PO43 -  (mg L-1)
	0.008 ±0.01 
	0.005±0.01
	0.007±0.01
	0.003±0.01
	0.033±0.01
	0.021±0.01
	0.023±0.01
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Supplementary Table 10 NPI values of surface water from Pumlen/Khoidum and Ikop/Kharung.

	Sl. No
	Water Quality
	NPI Range
[61]
	Pumlen/Khoidum
Percentage (%) of samples
	Ikop/Kharung
Percentage (%) of samples

	
	
	
	PoM
	PM
	PoM
	PM

	1
	No pollution
	< 1
	100
	100
	
	100
	100

	2
	Moderate pollution
	1 - 3
	0
	0
	
	0
	0

	3
	Considerable pollution
	3 - 6
	0
	0
	
	0
	0

	4
	Very highly polluted
	> 6
	0
	0
	
	0
	0
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Supplementary Table 11 Pearson correlation among water characteristics of Pumlen/Khoidum.
(a)  PoM:
	
	pH
	EC
	TDS
	DO
	Turbidity
	Alkalinity
	Hardness 
	Ca2+
	Mg2+
	Na+
	K +
	Cl-
	NO3-
	PO43 -

	pH
	1
	.055
	.050
	-.683
	-.343
	.012
	.697
	-.393
	.745
	-.036
	.058
	.089
	-.073
	-.181

	EC
	
	1
	1
	-.411
	.282
	.857
	.398
	.225
	.347
	.921
	.861
	.756
	.824
	.187

	TDS
	
	
	1
	-.396
	.289
	.851
	.389
	.212
	.340
	.923
	.858
	.755
	.811
	.162

	DO
	
	
	
	1
	.124
	-.447
	-.487
	-.015
	-.487
	-.222
	-.351
	-.293
	-.383
	-.540

	Turbidity
	
	
	
	
	1
	.024
	-.190
	.272
	-.251
	.200
	.289
	.241
	.234
	-.255

	Alkalinity
	
	
	
	
	
	1
	.418
	.507
	.306
	.779
	.692
	.551
	.870
	.248

	Hardness
	
	
	
	
	
	
	1
	.153
	.976
	.242
	.295
	.170
	.477
	.602

	Ca2+
	
	
	
	
	
	
	
	1
	-.064
	.082
	.117
	-.058
	.628
	.143

	Mg2+
	
	
	
	
	
	
	
	
	1
	.221
	.266
	.179
	.340
	.574

	Na+
	
	
	
	
	
	
	
	
	
	1
	.821
	.768
	.698
	.007

	K +
	
	
	
	
	
	
	
	
	
	
	1
	.972
	.810
	.317

	Cl-
	
	
	
	
	
	
	
	
	
	
	
	1
	.667
	.239

	NO3-
	
	
	
	
	
	
	
	
	
	
	
	
	1
	.456

	PO43 -
	
	
	
	
	
	
	
	
	
	
	
	
	
	1






(b)	PM:

	
	pH
	EC
	TDS
	DO
	Turbidity
	Alkalinity
	Hardness 
	Ca2+
	Mg2+
	Na+
	K +
	Cl-
	NO3-
	PO43 -

	pH
	1
	-.177
	-.065
	-.363
	.064
	.064
	.130
	.669
	.033
	-.245
	-.424
	-.407
	-.562
	-.157

	EC
	
	1
	.856
	.585
	.732
	.769
	.723
	.192
	.705
	.771
	.740
	.635
	.786
	-.020

	TDS
	
	
	1
	.364
	.702
	.724
	.584
	.211
	.561
	.653
	.651
	.586
	.731
	-.160

	DO
	
	
	
	1
	.152
	.033
	.401
	-.409
	.462
	.070
	.169
	-.005
	.338
	-.083

	Turbidity
	
	
	
	
	1
	.803
	.449
	.285
	.414
	.650
	.806
	.692
	.691
	.057

	Alkalinity
	
	
	
	
	
	1
	.678
	.376
	.633
	.811
	.737
	.659
	.698
	.199

	Hardness
	
	
	
	
	
	
	1
	.150
	.990
	.490
	.340
	.281
	.365
	.359

	Ca2+
	
	
	
	
	
	
	
	1
	.011
	.353
	.054
	.172
	-.098
	-.365

	Mg2+
	
	
	
	
	
	
	
	
	1
	.447
	.337
	.260
	.383
	.414

	Na+
	
	
	
	
	
	
	
	
	
	1
	.873
	.901
	.848
	.090

	K +
	
	
	
	
	
	
	
	
	
	
	1
	.927
	.944
	.206

	Cl-
	
	
	
	
	
	
	
	
	
	
	
	1
	.871
	.059

	NO3-
	
	
	
	
	
	
	
	
	
	
	
	
	1
	.101

	PO43 -
	
	
	
	
	
	
	
	
	
	
	
	
	
	1




	Bald: Correlation is significant at the 0.05 level (2-tailed).
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Supplementary Table 12 Pearson correlation among water characteristics of Ikop/Kharung.
(a) PoM:
	
	pH
	EC
	TDS
	DO
	Turbidity
	Alkalinity
	Hardness 
	Ca2+
	Mg2+
	Na+
	K +
	Cl-
	NO3-
	PO43 -

	pH
	1
	.263
	.257
	-.138
	-.743
	-.565
	.118
	.683
	.035
	.056
	.295
	.319
	-.364
	-.641

	EC
	
	1
	.993
	.307
	-.431
	.294
	.885
	.715
	.857
	.633
	.494
	.772
	.421
	-.194

	TDS
	
	
	1
	.278
	-.371
	.332
	.914
	.738
	.886
	.682
	.516
	.817
	.388
	-.161

	DO
	
	
	
	1
	-.434
	.433
	.482
	.106
	.505
	.362
	.316
	.209
	-.243
	-.497

	Turbidity
	
	
	
	
	1
	.285
	-.256
	-.544
	-.204
	-.125
	-.397
	-.191
	.285
	.744

	Alkalinity
	
	
	
	
	
	1
	.430
	.114
	.447
	.347
	.055
	.104
	-.003
	.432

	Hardness
	
	
	
	
	
	
	1
	.614
	.994
	.850
	.628
	.902
	.227
	-.241

	Ca2+
	
	
	
	
	
	
	
	1
	.526
	.317
	.239
	.656
	-.142
	-.421

	Mg2+
	
	
	
	
	
	
	
	
	1
	.872
	.644
	.883
	.264
	-.204

	Na+
	
	
	
	
	
	
	
	
	
	1
	.890
	.761
	.088
	-.062

	K +
	
	
	
	
	
	
	
	
	
	
	1
	.547
	-.070
	-.192

	Cl-
	
	
	
	
	
	
	
	
	
	
	
	1
	.218
	-.355

	NO3-
	
	
	
	
	
	
	
	
	
	
	
	
	1
	.379

	PO43 -
	
	
	
	
	
	
	
	
	
	
	
	
	
	1






(b) PM:

	
	pH
	EC
	TDS
	DO
	Turbidity
	Alkalinity
	Hardness 
	Ca2+
	Mg2+
	Na+
	K +
	Cl-
	NO3-
	PO43 -

	pH
	1
	.266
	.231
	-.147
	-.578
	-.368
	-.279
	.057
	-.301
	-.624
	.474
	.446
	-.396
	-.057

	EC
	
	1
	.998
	-.711
	.344
	.427
	.603
	.151
	.615
	.258
	.695
	.830
	.509
	.586

	TDS
	
	
	1
	-.716
	.393
	.470
	.639
	.168
	.651
	.309
	.675
	.816
	.555
	.591

	DO
	
	
	
	1
	-.171
	-.748
	-.813
	-.573
	-.786
	-.314
	-.481
	-.467
	-.348
	-.261

	Turbidity
	
	
	
	
	1
	.652
	.676
	.125
	.695
	.894
	-.213
	-.008
	.777
	.177

	Alkalinity
	
	
	
	
	
	1
	.970
	.560
	.953
	.805
	.052
	.101
	.711
	.198

	Hardness
	
	
	
	
	
	
	1
	.471
	.994
	.800
	.130
	.222
	.702
	.234

	Ca2+
	
	
	
	
	
	
	
	1
	.375
	.077
	.247
	.108
	.199
	-.001

	Mg2+
	
	
	
	
	
	
	
	
	1
	.832
	.106
	.220
	.714
	.245

	Na+
	
	
	
	
	
	
	
	
	
	1
	-.315
	-.140
	.751
	.095

	K +
	
	
	
	
	
	
	
	
	
	
	1
	.955
	.285
	.791

	Cl-
	
	
	
	
	
	
	
	
	
	
	
	1
	.420
	.822

	NO3-
	
	
	
	
	
	
	
	
	
	
	
	
	1
	.672

	PO43 -
	
	
	
	
	
	
	
	
	
	
	
	
	
	1



	Bald: Correlation is significant at the 0.05 level (2-tailed).
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Supplementary Table 13 Factor loading of various water quality parameters for surface water from Pumlen/Khoidum for PM and PoM.
	Sl. No
	Parameters
	PM
	PoM

	
	
	PCA 1
	PCA2
	PCA3
	PCA 1
	PCA2
	PCA3

	1
	pH
	-0.23
	0.87
	-0.17
	0.18
	0.88
	-0.28

	2
	EC
	0.91
	0.14
	0.28
	0.96
	-0.13
	-0.04

	3
	TDS
	0.82
	0.18
	0.14
	0.95
	-0.14
	-0.05

	4
	Turbidity
	0.85
	0.13
	-0.2
	0.23
	-0.57
	0.07

	5
	DO
	0.31
	-0.22
	0.8
	-0.51
	-0.56
	0

	6
	Chloride
	0.82
	-0.2
	-0.36
	0.83
	-0.19
	-0.37

	7
	Alkalinity
	0.89
	0.29
	-0.13
	0.86
	-0.05
	0.3

	8
	Total Hardness
	0.65
	0.45
	0.53
	0.51
	0.74
	0.24

	9
	Ca2+
	0.15
	0.8
	-0.48
	0.25
	-0.26
	0.91

	10
	Mg2+
	0.63
	0.34
	0.6
	0.46
	0.81
	0.04

	11
	Na+
	0.89
	0.03
	-0.25
	0.88
	-0.26
	-0.21

	12
	K+
	0.92
	-0.28
	-0.24
	0.93
	-0.17
	-0.18

	13
	NO3-
	0.87
	-0.25
	-0.22
	0.85
	-0.43
	0.04

	14
	PO43 -
	0.67
	-0.58
	-0.15
	0.35
	0.59
	0.31

	Eigen value
	7.53
	2.43
	2.02
	6.6
	3.39
	1.38

	% of variance
	53.78
	17.38
	14.41
	47.12
	24.22
	9.85

	Cumulative %
	53.78
	71.16
	85.57
	47.12
	71.34
	81.19
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Supplementary Table 14 Factor loading of various water quality parameters for surface water from Ikop/Kharung for PM and PoM.
	Sl. No
	Parameters
	PM
	PoM

	
	
	PCA 1
	PCA2
	PCA3
	PCA 1
	PCA2
	PCA3

	1
	pH
	-0.13
	0.75
	-0.21
	0.37
	-0.84
	0.3

	2
	EC
	0.82
	0.45
	0.16
	0.9
	0.14
	0.25

	3
	TDS
	0.85
	0.41
	0.17
	0.92
	0.18
	0.26

	4
	Turbidity
	0.64
	-0.63
	0.34
	-0.51
	0.76
	0.1

	5
	DO
	-0.82
	-0.24
	0.49
	0.48
	0.02
	-0.56

	6
	Chloride
	0.55
	0.76
	0.32
	0.88
	0.12
	0.27

	7
	Alkalinity
	0.86
	-0.39
	-0.27
	0.26
	0.73
	-0.25

	8
	Total Hardness
	0.93
	-0.28
	-0.21
	0.96
	0.28
	0.02

	9
	Ca2+
	0.42
	0.02
	-0.63
	0.72
	-0.26
	0.48

	10
	Mg2+
	0.93
	-0.3
	-0.15
	0.93
	0.33
	-0.04

	11
	Na+
	0.66
	-0.72
	0.15
	0.82
	0.25
	-0.33

	12
	K+
	0.44
	0.84
	0.15
	0.72
	-0.12
	-0.5

	13
	NO3-
	0.15
	-0.67
	0.53
	-0.2
	0.65
	0.63

	14
	PO43 -
	0.52
	0.44
	0.57
	-0.4
	0.7
	-0.01

	Eigen value
	6.37
	4.16
	1.75
	6.81
	3.14
	1.67

	% of variance
	45.47
	29.69
	12.53
	48.66
	22.42
	11.9

	Cumulative %
	45.47
	75.16
	87.69
	48.66
	71.08
	82.97



Page | 4 

image1.jpeg
OVERLAY MAP OF PUMLEN/KHOIDUM PAT(1988-2023)

093'5136°E.

0935412

243138

242900

242624

20:3136°N

ToFETIE

Legend

Legend

Class_Names
Unchanged thick vegetation
Thick veg o thin veg

Thick veg to open water
Thick veg o buit up.

‘Thick veg to agripisci farm

Class_Names

o Thi veg o hick veg
- Unchanged thin vegetation
W Thinvog 10 opon water
[ Thin veg to but up
- Thin veg to agipiscifarm

Class_Names
W Open water to thck veg
W open water fo tin veg.
M Unchanged open water
MR open water 0 buit up
W open water 1 agrifiscifarm





image2.png
OVERLAY MAP OF IKOP/KHARUNG PAT(1988-2023)

093°55'18"E 093°56'52"E 093°58'26"E

24037!22"N 24037!22"N

24°35'48"N

24°35'48"N

24°34'14"N

24°34'14"N

24°32'40"N 24°32'40"N

093°53'44"E 093°55'18"E 093°56'52"E 093°58'26"E

Scale

ey K jlOMEtETS
2 0 2

Legend

Class_Names

Agriculture/Pisciculture farm(Unchanged)
Agriculture/Pisciculture farm to Thin vegetation
Agriculture/Pisciculture farm to Thick vegetation
Agriculture/Pisciculture farm to Open water
Agriculture/Pisciculture farm to Built up

Thin vegetation to Agriculture/Pisciculture farm
Thin vegetation(Unchanged)

Thin vegetation to Thick vegetation

Thin vegetation to Open water

Thin vegetation to Built up

Thick vegetation to Agriculture/Pisciculture farm
Thick vegetation to Thin vegetation

Thick vegetation(Unchanged)

Thick vegetation to Open water

Thick vegetation to Built up

Open water to Agriculture/Pisciculture farm
Open water to Thin vegetation

Open water to Thick vegetation

Open water(Unchanged)

Open water to Built up





