
Table 1 Details description of the study stations
	Station
	Time span
	Latitude, N
	Longitude, E
	MSL, m
	Agro-climatic Zone

	Paithan
	21
	19.48
	75.38
	562.79
	Western Plateau & Hills

	Silload
	21
	19.92
	75.35
	543.34
	Western Plateau & Hills














Table 2 The best subset regression analysis for determining the best input combinations at Paithan station
(A)  SPI-3
	No. of variables
	Variables
	MSE
	R²
	Adjusted R²
	Mallows' Cp
	Akaike's AIC
	Schwarz's SBC
	Amemiya's PC

	1
	SPI-1
	0.533
	0.712
	0.711
	5.551
	-147.556
	-140.612
	0.290

	2
	SPI-1 / SPI-4
	0.530
	0.715
	0.713
	5.115
	-147.989
	-137.572
	0.289

	3
	SPI-1 / SPI-6 / SPI-9
	0.519
	0.723
	0.719
	0.868
	-152.343
	-138.454
	0.284

	4
	SPI-1 / SPI-5 / SPI-6 / SPI-9
	0.519
	0.724
	0.719
	1.990
	-151.250
	-133.888
	0.285

	5
	SPI-1 / SPI-4 / SPI-5 / SPI-6 / SPI-9
	0.517
	0.726
	0.720
	2.180
	-151.130
	-130.296
	0.286

	6
	SPI-1 / SPI-4 / SPI-5 / SPI-6 / SPI-8 / SPI-9
	0.519
	0.726
	0.719
	3.913
	-149.409
	-125.103
	0.288

	7
	SPI-1 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9
	0.520
	0.727
	0.718
	5.621
	-147.714
	-119.936
	0.290

	8
	SPI-1 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.522
	0.727
	0.718
	7.406
	-145.939
	-114.689
	0.292

	9
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9
	0.524
	0.727
	0.717
	9.174
	-144.182
	-109.460
	0.294

	10
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.526
	0.728
	0.716
	11.000
	-142.364
	-104.169
	0.296

	The best model for the selected selection criterion is displayed in blue



(B) SPI-6
	No. of variables
	Variables
	MSE
	R²
	Adjusted R²
	Mallows' Cp
	Akaike's AIC
	Schwarz's SBC
	Amemiya's PC

	1
	SPI-1
	0.441
	0.830
	0.829
	1.052
	-190.353
	-183.434
	0.172

	2
	SPI-1 / SPI-2
	0.440
	0.831
	0.830
	1.365
	-190.068
	-179.689
	0.172

	3
	SPI-1 / SPI-6 / SPI-7
	0.436
	0.833
	0.831
	0.249
	-191.269
	-177.430
	0.171

	4
	SPI-1 / SPI-2 / SPI-6 / SPI-7
	0.436
	0.834
	0.831
	1.232
	-190.323
	-173.025
	0.172

	5
	SPI-1 / SPI-2 / SPI-3 / SPI-6 / SPI-7
	0.436
	0.835
	0.831
	2.272
	-189.322
	-168.565
	0.172

	6
	SPI-1 / SPI-2 / SPI-3 / SPI-6 / SPI-7 / SPI-9
	0.436
	0.835
	0.831
	3.449
	-188.183
	-163.966
	0.173

	7
	SPI-1 / SPI-2 / SPI-3 / SPI-5 / SPI-6 / SPI-7 / SPI-9
	0.438
	0.835
	0.830
	5.338
	-186.299
	-158.622
	0.175

	8
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-9
	0.439
	0.836
	0.830
	7.076
	-184.573
	-153.436
	0.176

	9
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9
	0.441
	0.836
	0.829
	9.001
	-182.652
	-148.056
	0.177

	10
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.443
	0.836
	0.828
	11.000
	-180.653
	-142.597
	0.179

	The best model for the selected selection criterion is displayed in blue



(C) SPI-12
	
	No. of variables
	Variables
	MSE
	R²
	Adjusted R²
	Mallows' Cp
	Akaike's AIC
	Schwarz's SBC
	Amemiya's PC

	1
	SPI-1
	0.239
	0.930
	0.929
	20.536
	-326.052
	-319.184
	0.071

	2
	SPI-1 / SPI-6
	0.217
	0.936
	0.936
	-0.898
	-347.022
	-336.721
	0.065

	3
	SPI-1 / SPI-3 / SPI-6
	0.216
	0.937
	0.936
	-0.837
	-347.031
	-333.296
	0.065

	4
	SPI-1 / SPI-2 / SPI-3 / SPI-6
	0.216
	0.937
	0.936
	0.546
	-345.673
	-328.505
	0.065

	5
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-6
	0.217
	0.937
	0.936
	2.073
	-344.167
	-323.564
	0.066

	6
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6
	0.217
	0.937
	0.936
	3.304
	-342.972
	-318.936
	0.066

	7
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7
	0.218
	0.938
	0.936
	5.045
	-341.244
	-313.774
	0.066

	8
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8
	0.219
	0.938
	0.935
	7.032
	-339.258
	-308.354
	0.067

	9
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9
	0.220
	0.938
	0.935
	9.003
	-337.288
	-302.951
	0.068

	10
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.221
	0.938
	0.935
	11.000
	-335.291
	-297.520
	0.068

	The best model for the selected selection criterion is displayed in blue
	
	



	
	
	
	
	
	


Table 3 The best subset regression analysis for determining the best input combinations at Silload station
(A) SPI-3

	No. of variables
	Variables
	MSE
	R²
	Adjusted R²
	Mallows' Cp
	Akaike's AIC
	Schwarz's SBC
	Amemiya's PC

	1
	SPI-1
	0.556
	0.702
	0.701
	17.165
	-137.772
	-130.828
	0.300

	2
	SPI-1 / SPI-3
	0.529
	0.718
	0.716
	5.826
	-148.759
	-138.342
	0.286

	3
	SPI-1 / SPI-3 / SPI-10
	0.516
	0.726
	0.723
	0.961
	-153.731
	-139.842
	0.281

	4
	SPI-1 / SPI-3 / SPI-4 / SPI-10
	0.512
	0.729
	0.725
	0.363
	-154.423
	-137.062
	0.280

	5
	SPI-1 / SPI-3 / SPI-4 / SPI-5 / SPI-10
	0.513
	0.730
	0.724
	2.013
	-152.788
	-131.954
	0.282

	6
	SPI-1 / SPI-3 / SPI-4 / SPI-5 / SPI-7 / SPI-10
	0.515
	0.730
	0.723
	3.743
	-151.070
	-126.764
	0.284

	7
	SPI-1 / SPI-3 / SPI-4 / SPI-5 / SPI-7 / SPI-8 / SPI-10
	0.516
	0.731
	0.723
	5.275
	-149.560
	-121.782
	0.285

	8
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-7 / SPI-8 / SPI-10
	0.518
	0.731
	0.722
	7.089
	-147.755
	-116.504
	0.288

	9
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.520
	0.731
	0.720
	9.030
	-145.816
	-111.094
	0.290

	10
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.522
	0.731
	0.719
	11.000
	-143.848
	-105.653
	0.292

	The best model for the selected selection criterion is displayed in blue
	
	


(B) SPI-6

	No. of variables
	Variables
	MSE
	R²
	Adjusted R²
	Mallows' Cp
	Akaike's AIC
	Schwarz's SBC
	Amemiya's PC

	1
	SPI-1
	0.426
	0.820
	0.819
	5.566
	-198.569
	-191.650
	0.182

	2
	SPI-1 / SPI-2
	0.421
	0.823
	0.821
	3.814
	-200.326
	-189.947
	0.180

	3
	SPI-1 / SPI-5 / SPI-9
	0.414
	0.826
	0.824
	1.069
	-203.165
	-189.326
	0.178

	4
	SPI-1 / SPI-2 / SPI-5 / SPI-9
	0.414
	0.827
	0.824
	1.785
	-202.492
	-185.194
	0.179

	5
	SPI-1 / SPI-2 / SPI-3 / SPI-5 / SPI-9
	0.413
	0.828
	0.824
	2.666
	-201.654
	-180.897
	0.179

	6
	SPI-1 / SPI-2 / SPI-5 / SPI-6 / SPI-7 / SPI-9
	0.414
	0.828
	0.824
	4.170
	-200.172
	-175.954
	0.181

	7
	SPI-1 / SPI-2 / SPI-3 / SPI-5 / SPI-6 / SPI-7 / SPI-9
	0.414
	0.829
	0.824
	5.207
	-199.179
	-171.502
	0.181

	8
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-9
	0.416
	0.829
	0.823
	7.038
	-197.356
	-166.219
	0.183

	9
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9
	0.418
	0.829
	0.822
	9.000
	-195.396
	-160.800
	0.184

	10
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.420
	0.829
	0.822
	11.000
	-193.396
	-155.340
	0.186

	The best model for the selected selection criterion is displayed in blue
	
	



(C) SPI-12

	No. of variables
	Variables
	MSE
	R²
	Adjusted R²
	Mallows' Cp
	Akaike's AIC
	Schwarz's SBC
	Amemiya's PC

	1
	SPI-1
	0.256
	0.923
	0.922
	14.165
	-310.463
	-303.596
	0.078

	2
	SPI-1 / SPI-8
	0.237
	0.929
	0.928
	-2.020
	-326.573
	-316.271
	0.073

	3
	SPI-1 / SPI-2 / SPI-8
	0.237
	0.929
	0.928
	-0.727
	-325.306
	-311.572
	0.073

	4
	SPI-1 / SPI-2 / SPI-3 / SPI-8
	0.237
	0.929
	0.928
	0.168
	-324.458
	-307.289
	0.073

	5
	SPI-1 / SPI-2 / SPI-3 / SPI-6 / SPI-8
	0.238
	0.929
	0.928
	1.482
	-323.176
	-302.574
	0.074

	6
	SPI-1 / SPI-2 / SPI-3 / SPI-6 / SPI-7 / SPI-8
	0.239
	0.929
	0.927
	3.391
	-321.271
	-297.235
	0.074

	7
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-8
	0.240
	0.929
	0.927
	5.275
	-319.393
	-291.923
	0.075

	8
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8
	0.240
	0.929
	0.927
	7.153
	-317.521
	-286.617
	0.076

	9
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-10
	0.241
	0.929
	0.927
	9.069
	-315.609
	-281.272
	0.076

	10
	SPI-1 / SPI-2 / SPI-3 / SPI-4 / SPI-5 / SPI-6 / SPI-7 / SPI-8 / SPI-9 / SPI-10
	0.243
	0.929
	0.926
	11.000
	-313.682
	-275.911
	0.077

	The best model for the selected selection criterion is displayed in blue
	
	







	Source
	Value
	Standard error
	t
	Pr > |t|
	Lower bound (95%)
	Upper bound (95%)

	SPI-1
	0.892
	0.048
	18.415
	<0.0001
	0.796
	0.987

	SPI-2
	0.000
	0.000
	
	
	
	

	SPI-3
	0.000
	0.000
	
	
	
	

	SPI-4
	-0.103
	0.076
	-1.357
	0.176
	-0.251
	0.046

	SPI-5
	0.134
	0.086
	1.565
	0.119
	-0.035
	0.303

	SPI-6
	-0.165
	0.069
	-2.397
	0.017
	-0.301
	-0.029

	SPI-7
	0.000
	0.000
	
	
	
	

	SPI-8
	0.000
	0.000
	
	
	
	

	SPI-9
	0.101
	0.041
	2.429
	0.016
	0.019
	0.182

	SPI-10
	0.000
	0.000
	 
	 
	 
	 


Table 4 The regression analysis for identifying the most effective parameters at Paithan station
(A) SPI-3









(B) SPI-6
	Source
	Value
	Standard error
	t
	Pr > |t|
	Lower bound (95%)
	Upper bound (95%)

	SPI-1
	0.993
	0.065
	15.211
	<0.0001
	0.864
	1.121

	SPI-2
	-0.071
	0.070
	-1.017
	0.310
	-0.210
	0.067

	SPI-3
	0.000
	0.000
	
	
	
	

	SPI-4
	0.000
	0.000
	
	
	
	

	SPI-5
	0.000
	0.000
	
	
	
	

	SPI-6
	-0.140
	0.070
	-1.996
	0.047
	-0.279
	-0.002

	SPI-7
	0.128
	0.065
	1.958
	0.051
	-0.001
	0.256

	SPI-8
	0.000
	0.000
	
	
	
	

	SPI-9
	0.000
	0.000
	
	
	
	

	SPI-10
	0.000
	0.000
	 
	 
	 
	 


(C)  SPI-12
	Source
	Value
	Standard error
	t
	Pr > |t|
	Lower bound (95%)
	Upper bound (95%)

	SPI-1
	1.000
	0.045
	22.306
	<0.0001
	0.912
	1.089

	SPI-2
	0.000
	0.000
	
	
	
	

	SPI-3
	0.086
	0.061
	1.408
	0.161
	-0.035
	0.208

	SPI-4
	0.000
	0.000
	
	
	
	

	SPI-5
	0.000
	0.000
	
	
	
	

	SPI-6
	-0.157
	0.036
	-4.398
	<0.0001
	-0.228
	-0.087

	SPI-7
	0.000
	0.000
	
	
	
	

	SPI-8
	0.000
	0.000
	
	
	
	

	SPI-9
	0.000
	0.000
	
	
	
	

	SPI-10
	0.000
	0.000
	 
	 
	 
	 


Table 5 The regression analysis for identifying the most effective parameters at Silload station
(A) SPI-3
	Source
	Value
	Standard error
	t
	Pr > |t|
	Lower bound (95%)
	Upper bound (95%)

	SPI-1
	0.946
	0.047
	20.270
	<0.0001
	0.854
	1.037

	SPI-2
	0.000
	0.000
	
	
	
	

	SPI-3
	-0.269
	0.076
	-3.560
	0.000
	-0.418
	-0.120

	SPI-4
	0.105
	0.065
	1.628
	0.105
	-0.022
	0.232

	SPI-5
	0.000
	0.000
	
	
	
	

	SPI-6
	0.000
	0.000
	
	
	
	

	SPI-7
	0.000
	0.000
	
	
	
	

	SPI-8
	0.000
	0.000
	
	
	
	

	SPI-9
	0.000
	0.000
	
	
	
	

	SPI-10
	0.087
	0.035
	2.461
	0.015
	0.017
	0.156


(B) SPI-6
	Source
	Value
	Standard error
	t
	Pr > |t|
	Lower bound (95%)
	Upper bound (95%)

	SPI-1
	1.002
	0.066
	15.286
	<0.0001
	0.873
	1.131

	SPI-2
	-0.144
	0.093
	-1.556
	0.121
	-0.327
	0.038

	SPI-3
	0.082
	0.077
	1.065
	0.288
	-0.070
	0.233

	SPI-4
	0.000
	0.000
	
	
	
	

	SPI-5
	-0.107
	0.052
	-2.079
	0.039
	-0.209
	-0.006

	SPI-6
	0.000
	0.000
	
	
	
	

	SPI-7
	0.000
	0.000
	
	
	
	

	SPI-8
	0.000
	0.000
	
	
	
	

	SPI-9
	0.086
	0.035
	2.459
	0.015
	0.017
	0.155

	SPI-10
	0.000
	0.000
	 
	 
	 
	 


(C)  SPI-12
	Source
	Value
	Standard error
	t
	Pr > |t|
	Lower bound (95%)
	Upper bound (95%)

	SPI-1
	1.012
	0.021
	47.211
	<0.0001
	0.970
	1.054

	SPI-2
	0.000
	0.000
	
	
	
	

	SPI-3
	0.000
	0.000
	
	
	
	

	SPI-4
	0.000
	0.000
	
	
	
	

	SPI-5
	0.000
	0.000
	
	
	
	

	SPI-6
	0.000
	0.000
	
	
	
	

	SPI-7
	0.000
	0.000
	
	
	
	

	SPI-8
	-0.092
	0.021
	-4.313
	<0.0001
	-0.135
	-0.050

	SPI-9
	0.000
	0.000
	
	
	
	

	SPI-10
	0.000
	0.000
	 
	 
	 
	 


Table 6 MAE, RMSE, RAE, RRSE and r for Machine learning algorithms-based models during the training and testing span at the Paithan station
(A) SPI-3
	Machine learning algorithm
	Training
	Testing

	[bookmark: _Hlk69227005]
	MAE
	RMSE
	RAE
	RRSE
	r
	MAE
	RMSE
	RAE
	RRSE
	r

	[bookmark: _Hlk69297795]SMO-SVM poly kernel
	0.699
	0.979
	75.38
	70.52
	0.773
	0.329
	0.493
	40.52
	42.88
	0.905

	SMO-SVM Normalized poly kernel
	1.063
	1.641
	114.6
	118.2
	0.446
	0.530
	0.668
	65.09
	58.10
	0.818

	SMO-SVM PUK kernel
	0.868
	1.264
	93.66
	91.06
	0.506
	0.501
	0.703
	61.59
	61.16
	0.802

	SMO-SVM RBF kernel
	0.889
	1.330
	95.88
	95.78
	0.609
	0.546
	0.811
	67.10
	70.55
	0.829



(B) SPI-6
	Machine learning algorithm
	Training
	Testing

	
	MAE
	RMSE
	RAE
	RRSE
	r
	MAE
	RMSE
	RAE
	RRSE
	r

	SMO-SVM poly kernel
	0.437
	0.704
	41.33
	46.93
	0.881
	0.405
	0.566
	49.40
	40.89
	0.913

	SMO-SVM Normalized poly kernel
	0.607
	0.950
	57.42
	63.27
	0.780
	0.582
	0.787
	70.99
	56.85
	0.825

	SMO-SVM PUK kernel
	0.464
	0.766
	43.92
	51.02
	0.854
	0.387
	0.555
	47.17
	40.10
	0.920

	SMO-SVM RBF kernel
	0.687
	1.137
	65.02
	75.77
	0.853
	0.544
	0.836
	66.34
	60.40
	0.905



(C) SPI-12
	Machine learning algorithm
	Training
	Testing

	
	MAE
	RMSE
	RAE
	RRSE
	r
	MAE
	RMSE
	RAE
	RRSE
	r

	SMO-SVM poly kernel
	0.254
	0.543
	26.22
	28.70
	0.961
	0.187
	0.361
	18.77
	20.01
	0.984

	SMO-SVM Normalized poly kernel
	0.614
	0.999
	63.44
	52.80
	0.866
	0.569
	0.829
	57.09
	45.94
	0.889

	SMO-SVM PUK kernel
	0.280
	0.667
	28.88
	35.28
	0.940
	0.258
	0.473
	25.88
	26.19
	0.973

	SMO-SVM RBF kernel
	0.823
	1.667
	84.95
	88.08
	0.891
	0.491
	1.026
	49.31
	56.80
	0.915















Table 7 MAE, RMSE, RAE, RRSE and r for Machine learning algorithms-based models during the training and testing span at the Silload station
(A) SPI-3
	Machine learning algorithm
	Training
	Testing

	
	MAE
	RMSE
	RAE
	RRSE
	r
	MAE
	RMSE
	RAE
	RRSE
	r

	SMO-SVM poly kernel
	0.665
	0.913
	67.37
	64.78
	0.766
	0.421
	0.644
	45.17
	51.60
	0.858

	SMO-SVM Normalized poly kernel
	0.700
	0.940
	70.88
	66.75
	0.748
	0.757
	1.013
	81.22
	81.11
	0.617

	SMO-SVM PUK kernel
	0.711
	1.049
	71.95
	47.45
	0.681
	0.554
	0.857
	59.46
	68.62
	0.731

	SMO-SVM RBF kernel
	0.895
	1.333
	90.61
	94.62
	0.699
	0.674
	0.968
	72.30
	77.56
	0.746



(B) SPI-6
	Machine learning algorithm
	Training
	Testing

	
	MAE
	RMSE
	RAE
	RRSE
	r
	MAE
	RMSE
	RAE
	RRSE
	r

	SMO-SVM poly kernel
	0.425
	0.695
	41.74
	48.69
	0.870
	0.359
	0.486
	45.11
	39.71
	0.917

	SMO-SVM Normalized poly kernel
	0.579
	0.895
	56.85
	62.72
	0.771
	0.557
	0.759
	70.00
	61.93
	0.803

	SMO-SVM PUK kernel
	0.466
	0.709
	45.79
	49.71
	0.861
	0.385
	0.528
	48.33
	43.06
	0.910

	SMO-SVM RBF kernel
	0.661
	1.037
	64.90
	72.66
	0.811
	0.476
	0.657
	59.83
	53.61
	0.898



(C) SPI-12
	Machine learning algorithm
	Training
	Testing

	
	MAE
	RMSE
	RAE
	RRSE
	r
	MAE
	RMSE
	RAE
	RRSE
	r

	SMO-SVM poly kernel
	0.274
	0.586
	28.65
	31.65
	0.959
	0.186
	0.354
	18.13
	19.59
	0.984

	SMO-SVM Normalized poly kernel
	0.708
	1.182
	74.03
	63.62
	0.805
	0.536
	0.807
	52.16
	44.62
	0.898

	SMO-SVM PUK kernel
	0.305
	0.727
	31.94
	39.11
	0.949
	0.191
	0.338
	18.64
	18.71
	0.987

	SMO-SVM RBF kernel
	0.907
	1.787
	94.81
	96.16
	0.915
	0.657
	1.246
	63.95
	68.90
	0.969



