


[bookmark: _Hlk125119369]Table 1. Statistical Characteristics of TDS and discharge of the Gotvand and Vanyar hydrometric stations.
	Hydrometric station
	Vanyar station
	Gotvand station

	Parameter
	TDS (mg l-1)
	Discharge (m3)
	TDS (mg l-1)
	Discharge (m3)

	Number of monthly data
	271
	310

	Max value
	96251
	194.35
	1730
	4487

	Min value
	627
	0.008
	15.42
	15.3

	Average value
	14003.43
	16.4
	625.12
	425.36





























Table 2. The Performance (statistical indicators) of ANFIS and its hybrid models  in TDS Prediction for the Gotvand station.
	
	
	Model
	ANFIS
	
	ANFIS-PSO
	
	ANFIS-DE
	
	ANFIS-ACOR
	
	ANFIS-GA

	
	
	Modeling stage
	Train
	Test
	
	Train
	Test
	
	Train
	Test
	
	Train
	Test
	
	Train
	Test

	Monthly
	Considering Discharge
	RMSE
	0.041
	0.077
	
	0.019
	0.022
	
	0.02
	0.022
	
	0.029
	0.031
	
	0.022
	0.033

	
	
	NSE
	0.92
	0.7
	
	0.98
	0.98
	
	0.989
	097
	
	0.96
	0.95
	
	0.97
	0.94

	
	
	MAE
	0.016
	0.04
	
	0.0035
	0.0034
	
	0.0035
	0.0047
	
	0.0025
	0.001
	
	0.003
	0.002

	
	
	KGE
	0.92
	0.77
	
	0.99
	0.98
	
	0.97
	0.96
	
	0.98
	0.96
	
	0.983
	0.96

	
	
	R2
	0.93
	0.76
	
	0.98
	0.97
	
	0.99
	0.97
	
	0.965
	0.95
	
	0.97
	0.94

	
	
	Time
	350
	
	2300
	
	3300
	
	1900
	
	1800

	
	Ignoring Discharge
	RMSE
	0.0198
	0.0533
	
	0.015
	0.0185
	
	0.018
	0.0148
	
	0.0201
	0.0205
	
	0.0163
	0.016

	
	
	NSE
	0.97
	0.786
	
	0.983
	0.98
	
	0.985
	0.98
	
	0.97
	0.97
	
	0.98
	0.981

	
	
	MAE
	0.0017
	0.0035
	
	0.0016
	0.0016
	
	0.0016
	0.001
	
	0.001
	0.0017
	
	0.0002
	0.001

	
	
	KGE
	0.98
	0.87
	
	0.993
	0.95
	
	0.98
	0.98
	
	0.98
	0.97
	
	0.998
	0.99

	
	
	R2
	0.98
	0.82
	
	0.983
	0.97
	
	0.98 
	0.97
	
	0.975
	0.95
	
	0.98
	0.981

	
	
	Time
	220
	
	1900
	
	2800
	
	1100
	
	1300

	Annual
	Considering Discharge
	RMSE
	0.0127
	0.115
	
	0.055
	0.056
	
	0.0442
	0.073
	
	0.027
	0.05
	
	0.0519
	0.066

	
	
	NSE
	0.99
	0.68
	
	0.93
	0.88
	
	0.936
	0.9
	
	0.97
	0.93
	
	0.9521
	0.816

	
	
	MAE
	0.025
	0.048
	
	0.0190
	0.03
	
	0 .003
	0.03
	
	0.023
	0.0026
	
	0.0195
	0.003

	
	
	KGE
	0.992
	0.77
	
	0.961
	0.94
	
	0.966
	0.96
	
	0.96
	0.9
	
	0.965
	0.95

	
	
	R2
	0.99
	0.69
	
	0.946
	0.91
	
	0.94
	0.91
	
	0.97
	0.94
	
	0.953
	0.84

	
	
	Time
	130
	
	1900
	
	3200
	
	1700
	
	1600

	
	Ignoring Discharge
	RMSE
	0.033
	0.082
	
	0.047
	0.053
	
	0.0442
	0.062
	
	002
	0.032
	
	0.044
	0.049

	
	
	NSE
	0.976
	0.783
	
	0.955
	0.905
	
	0.9
	0.93
	
	0.97
	0.97
	
	0.949
	0.942

	
	
	MAE
	0.0003
	0.001
	
	0.0042
	0.003
	
	0.0013
	0.03
	
	0.022
	0.005
	
	0.008
	0.002

	
	
	KGE
	0.985
	0.81
	
	0.968
	0.95
	
	0.963
	0.96
	
	0.96
	0.92
	
	0.965
	0.96

	
	
	R2
	0.97
	0.8
	
	0.95
	0.94
	
	0.94
	0.96
	
	0.97
	0.97
	
	0.958
	0.95

	
	
	Time
	95
	
	1700
	
	2400
	
	816
	
	1083















Table 3. The Performance (statistical indicators)) of the ANFIS and its hybrid models  in TDS Prediction for the Vanyar station.
	
	
	Model
	ANFIS
	
	ANFIS-PSO
	
	ANFIS-DE
	
	ANFIS-ACOR
	
	ANFIS-GA

	
	
	Modeling stage
	Train
	Test
	
	Train
	Test
	
	Train
	Test
	
	Train
	Test
	
	Train
	Test

	Monthly
	Considering Discharge
	RMSE
	0.044
	0.13
	
	0.018
	0.023
	
	0.029
	0.033
	
	0.028
	0.037
	
	0.027
	0.036

	
	
	NSE
	0.917
	0.38
	
	0.983
	0.96
	
	0.96
	0.93
	
	0.96
	0.92
	
	0.96
	0.92

	
	
	MAE
	0.013
	0.106
	
	0.001
	0.006
	
	0.003
	0.005
	
	0.007
	0.009
	
	0.004
	0.008

	
	
	KGE
	0.99
	0.66
	
	0.98
	0.98
	
	0.92
	0.89
	
	0.96
	0.93
	
	0.99
	0.95

	
	
	R2
	0.92
	0.61
	
	0.98
	0.97
	
	0.96
	0.94
	
	0.96
	0.92
	
	0.96
	0.93

	
	
	Time
	250

	
	2100
	
	3100
	
	1600
	
	1700

	
	Ignoring Discharge
	RMSE
	0.007
	0.091
	
	0.018
	0.021
	
	0.025
	0.0294
	
	0.0238
	0.033
	
	0.0218
	0.025

	
	
	NSE
	0.99
	0.38
	
	0.98
	0.98
	
	0.973
	0.95
	
	0.96
	0.949
	
	0.976
	0.964

	
	
	MAE
	0.0015
	0.052
	
	0.002
	0.0053
	
	0.0033
	0.001
	
	0.0014
	0.003
	
	0.0024
	0.002

	
	
	KGE
	0.99
	0.7
	
	0.99
	0.94
	
	0.971
	0.95
	
	0.974
	0.91
	
	0.99
	0.97

	
	
	R2
	0.99
	0.69
	
	0.98
	0.98
	
	0.973
	0.95
	
	0.97
	0.951
	
	0.977
	0.97

	
	
	Time
	200
	
	1700
	
	2600
	
	900
	
	1250

	Annual
	Considering Discharge
	RMSE
	0.0035
	0.128
	
	0.06
	0.062
	
	0.061
	0.089
	
	0.02
	0.035
	
	0.046
	0.149

	
	
	NSE
	0.99
	0.569
	
	0.9
	0.87
	
	0.94
	0.83
	
	0.97
	0.935
	
	0.92
	0.716

	
	
	MAE
	0.0078
	0.09
	
	0.008
	0.05
	
	0.015
	0.04
	
	0.007
	0.008
	
	0.0235
	0.013

	
	
	KGE
	0.99
	0.77
	
	0.95
	0.924
	
	0.96
	0.95
	
	0.98
	0.91
	
	0.962
	0.817

	
	
	R2
	0.99
	0.66
	
	0.94
	0.89
	
	0.94
	0.87
	
	0.97
	0.94
	
	0.94
	0.79

	
	
	Time
	110
	
	1800
	
	3000
	
	1200
	
	1400

	
	Ignoring Discharge
	RMSE
	0.0005
	0.086
	
	0.055
	0.056
	
	0.064
	0.074
	
	0.04
	0.04
	
	0.058
	0.094

	
	
	NSE
	0.9
	0.677
	
	0.929
	0.9
	
	0.938
	0.922
	
	0.971
	0.962
	
	0.939
	0.867

	
	
	MAE
	0.0001
	0.044
	
	0.014
	0.039
	
	0.03
	0.03
	
	0.0059
	0 .007
	
	0.005
	0.004

	
	
	KGE
	0.99
	0.793
	
	0.95
	0.94
	
	0.967
	0.95
	
	0.96
	0.91
	
	0.95
	0.91

	
	
	R2
	0.99
	0.8
	
	0.939
	0.92
	
	0.94
	0.93
	
	0.97
	0.96
	
	0.941
	0.88

	
	
	Time
	85
	
	1300
	
	2200
	
	715
	
	920
















Table 4. Scores of TOPSIS method for ranking the models in TDS estimation Rank.
	Status of Modeling
	Monthly
	Annual
	In Total

	
	Considering Discharge
	Ignoring Discharge
	 Considering Discharge
	      Ignoring Discharge
	

	Station
	Vanyar
	Gotvand
	Vanyar
	Gotvand
	Vanyar
	Gotvand
	Vanyar
	Gotvand
	

	M o d e l   R a n k i n g

	1
	ANFIS-ACOR
	ANFIS-ACOR
	ANFIS-ACOR
	ANFIS-ACOR
	ANFIS-GA
	ANFIS-GA
	ANFIS-ACOR
	ANFIS-PSO
	
Best Hybrid Model:
ANFIS-ACOR

	
	2
	ANFIS-PSO
	ANFIS-PSO
	ANFIS-GA
	ANFIS-GA
	ANFIS-PSO
	ANFIS-ACOR
	ANFIS-GA
	ANFIS-ACOR
	

	
	3
	ANFIS-GA
	ANFIS-GA
	ANFIS-PSO
	ANFIS-PSO
	ANFIS-DE
	ANFIS-PSO
	ANFIS
	ANFIS-GA
	

	
	4
	ANFIS-DE
	ANFIS-DE
	ANFIS-DE
	ANFIS
	ANFIS-ACOR
	ANFIS-DE
	ANFIS-PSO
	ANFIS
	Worst Hybrid Model:
ANFIS-DE

	
	5
	ANFIS
	ANFIS
	ANFIS
	ANFIS-DE
	ANFIS
	ANFIS
	ANFIS-DE
	ANFIS-DE
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