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To enhance the clarity and readability of the main manuscript, detailed performance data for the
machine learning models used in this study are provided in Supplementary Table S1. The table
presents the results for seven different input data models during the training and testing phases,
covering both their standalone performance and their performance when optimized by the PSO
and FDA algorithms.

Table S1: Comparison of machine learning model performance in independent and optimized states during training
and testing phases.

Model Train Test
M, RMSE MAE NSE KGE R RMSE MAE NSE KGE R
KNN - - - - - 1845 9.76 055 065 0.75
KNN-FDA - - - - - 1725 7.88 0.64 068 0.82
KNN-PSO - - - - - 17.07 7.88 0.63 065 0.84
SVR 1436 632 0.76 0.76 0.87 30.02 18.03 0.00 0.37 0.06

SVR-FDA 11.73 524 0.84 0.87 092 1513 794 0.63 0.60 0.80
SVR-PSO 1394 6.15 077 0.78 0.88 1684 7.66 0.70 0.70 0.84
LSTM 2249 1385 043 041 0.63 2327 1546 049 0.60 0.70
LSTM-FDA 13.99  7.76 079 0.73 0.89 1442 8.03 0.75 0.63 0.83
LSTM-PSO 14.60 7.73 0.76 0.77 0.88 1362  7.59 0.70 0.75 0.84

RF 2595 15.11 024 0.16 0.56 2170 13.83 0.24 0.17 0.55
RF-FDA 8.87 416 091 0.86 0.96 1338 7.13 0.79 0.82 0.86
RF-PSO 9.68 434 0.89 0.84 0.95 1501 7.54 0.68 0.75 0.82
XGBoost 0.71 2048 11.10 0.50 0.71 2177 11.42 0.54 0.63 0.73

XGBoost-FDA ~ 2.58 1.76 099 098 0.99 1697 830 0.73 0.73  0.86
XGBoost-PSO 4.30 291 098 096 0.99 1875 892 0.68 0.72 0.82
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Continued Table S1: Comparison of machine learning model performance in independent and optimized states
during training and testing phases.

Model Train Test
M, RMSE MAE NSE KGE R RMSE MAE NSE KGE R
KNN - - - - - 2426 976 055 0.65 0.75
KNN-FDA - - - - - 19.56 9.82 045 066 0.76
KNN-PSO - - - - - 18.17 9.51 053 0.56 0.73
SVR 1454 6.03 076 0.02 0.87 28.82 17.69 0.02 024 0.15

SVR-FDA 1694 7.72 0.66 0.68 0.82 1922  9.12  0.65 0.58 0.81
SVR-PSO 18.13 8.18 0.61 0.61 0.80 2065 940 0.54 052 0.76
LSTM 2488 13.03 041 0.21 0.64 29.50 1427 038 0.40 062
LSTM-FDA 1986 11.19 0.64 0.47 0.80 1870 11.42 048 033 0.69
LSTM-PSO 13.67 826 0.77 0.79 0.73 2328 1122 0.53 0.67 0.73

RF 26.76 1536 0.19 0.10 0.59 2331 14.67 0.12 0.01 041
RF-FDA 11.60 554 085 0.82 0.93 17.68 9.75 0.50 0.56 0.72
RF-PSO 11.80 576 0.84 0.80 0.92 1935 10.01 0.56 0.71 0.76

XGBoost 2044 1125 0.50 0.61 0.71 2379 1199 042 0.51 0.65
XGBoost-FDA 1132 6.52  0.83 0.83 0.91 1697 830 0.73 0.73 0.86
XGBoost-PSO ~ 10.59 631  0.87  0.87 0.94 19.45 10.27 049 0.63 0.70

M; RMSE MAE NSE KGE R RMSE MAE NSE KGE R
KNN - - - - - 2321 1150 0.32  0.58 0.61
KNN-FDA - - - - - 1987 934 0.55 0.65 0.74
KNN-PSO - - - - - 21.07 9.51 053 056 0.73
SVR 1564 625 0.74 0.74 0.87 2398 1648 0.02 0.20 0.20

SVR-FDA 1797 7.70 0.64 0.68 0.80 1732 856 0.52 051 0.72
SVR-PSO 1934 834 0.57 0.57 0.77 1836 8.83 0.60 0.62 0.79
LSTM 24.50 19.09 0.50 0.35 0.71 25.65 1937 041 0.53 0.64
LSTM-FDA 20.04 10.18 0.55 0.55 0.74 1687 9.76  0.54 0.50 0.74
LSTM-PSO 17.57 9.25 0.62 0.66 0.79 2135 10.64 0.58 0.50 0.80

RF 2472 1445 029 0.21  0.65 2458 14.19 0.28 0.20 0.62
RF-FDA 1240 582 0.83 0.78 0.92 16.00  8.77 0.52 0.58 0.74
RF-PSO 12.13 637 0.84 0.76 0.93 1410 844 0.61 0.65 0.79

XGBoost 21.59 11.48 048 0.65 0.70 2234 1141 021 0.50 0.54
XGBoost-FDA 1090  6.00 0.86 0.85 0.93 20.62 1036 045 0.62 0.68
XGBoost-PSO ~ 10.18 577 0.88 0.87 0.94 20.43  10.58 049 0.58 0.70

M,y RMSE MAE NSE KGE R RMSE MAE NSE KGE R
KNN - - - - - 2421 1138 0.52  0.57 0.73
KNN-FDA - - - - - 2277 10.52 0.50 0.61 0.74
KNN-PSO - - - - - 1978 932 0.52 056 0.74
SVR 1432  6.19 0.78 0.77 0.89 25.04 1648 0.01 034 0.10

SVR-FDA 1147 514 0.84 0.86 0.92 2249 942  0.60 0.52 0.82
SVR-PSO 1520  6.63 0.73 0.72 0.86 17.83 828 0.61 0.66 0.78
LSTM 29.62 16.60 0.02 0.01 0.58 29.63 1586 0.03 035 0.60
LSTM-FDA 1451 850 0.79 0.71 0.89 1582 9.11 0.60 0.52 0.77
LSTM-PSO 1504 833 0.75 0.77 0.86 1385 794 0.70 0.83 0.83

RF 2541 1497 023 0.15 0.57 2826 1532 0.23 0.14 0.59
RF-FDA 9.94 471 0.88 0.83 0.94 19.58 824 0.66 0.55 0.83
RF-PSO 10.03 449 0.89 0.82 0.95 16.78 7.62 0.58 0.63 0.76

XGBoost 20.80 1139 0.52  0.66 0.73 20.17 11.60 0.29 0.55 0.59
XGBoost-FDA  7.02 444 094 093 0.97 1775 882 0.70 0.70 0.84
XGBoost-PSO 3.44 236099 097 0.99 1882 896 0.66 0.71 0.81




Continued Table S1: Comparison of machine learning model performance in independent and optimized states
during training and testing phases.

Model Train Test
Ms RMSE MAE NSE KGE R RMSE MAE NSE KGE R
KNN - - - - - 21.77 10.04 042 0.53 0.66
KNN-FDA - - - - - 1988 7.76 0.56 0.51 0.75
KNN-PSO - - - - - 2436 10.70 052 046 0.77
SVR 13.89 626 0.78 0.78 0.89 2746 17.74 0.00 0.35 0.08

SVR-FDA 13.18 595 0.80 0.81 0.90 1438 7.54 0.67 0.58 0.82
SVR-PSO 1433 649 0.76  0.76  0.88 1774 779  0.63  0.68 0.79
LSTM 18.52 10.80 0.67 032 0.82 2063 1198 0.57 038 0.76
LSTM-FDA 23.77 1348 0.50 0.23 0.71 2730 1450 048 0.20 0.69
LSTM-PSO 1621 943 0.70 067 0.86 17.01 10.05 0.60 0.66 0.79

RF 2529 16.55 024 016 0.59 2875 16.55 020 0.11 0.54
RF-FDA 1050 491 088 0.83 0.94 1435 7.54 0.67 0.61 0.82
RF-PSO 9.71 447 088 0.83 095 1519 761 0.66 0.73 0.81
XGBoost 2049 11.14 0.51 0.63 0.71 22.01 10.85 047 0.58 0.68

XGBoost-FDA 3.62 244 098 097 0.99 2136 992 0.63 0.64 0.80
XGBoost-PSO 5.38 350 097 095 0.98 19.15 9.16 0.62 0.69 0.79

Mg RMSE MAE NSE KGE R RMSE MAE NSE KGE R
KNN - - - - - 29.58 1587 034 040 0.59
KNN-FDA - - - - - 1988 7.76 056 045 0.55
KNN-PSO - - - - - 23.10 13.19 037 035 0.63
SVR 1331 622 0.80 0.79 0.90 2836 18.04 0.00 0.35 0.08

SVR-FDA 1861 9.86 0.61 0.67 0.79 19.68 1241 0.38 0.46 0.64
SVR-PSO 22770 12.09 043 0.41 0.69 18.68 11.46 0.50 0.52 0.72
LSTM 26.61 1429 0.10 0.05 0.49 3395 17.05 0.21 0.36 0.62
LSTM-FDA 22.05 13.50 047 046 0.68 20.80 1335 0.30 031 0.55
LSTM-PSO 1994 13.11 0.56 0.55 0.76 19.51 13.07 039 0.40 0.63

RF 2643 1569 021 0.12 0.56 2395 1429 0.09 0.04 0.30
RF-FDA 13.63 930 0.79 0.75 0.90 1993 1331 041 0.40 0.65
RF-PSO 1378 7.61 0.79 0.71 0.91 1873 1250 0.44 0.55 0.66

XGBoost 23.65 1438 0.37 0.49 0.61 2327 1468 0.19 0.44 0.50
XGBoost-FDA ~ 14.28 10.01 0.77 0.76 _ 0.99 22.13 1322 033 0.59 0.62
XGBoost-PSO 1330 936 0.80 0.79 0.90 22.10 13.63 040 0.51 0.63

My RMSE MAE NSE KGE R RMSE MAE NSE KGE R
KNN - - - - - 1865 9.89 041 0.61 0.69
KNN-FDA - - - - - 17.89 880 0.57 0.64 0.78
KNN-PSO - - - - - 23.82 1043 047 045 0.72
SVR 1091 594 0.86 0.82 0.94 2735 17.83 0.00 0.30 0.11

SVR-FDA 13.02 589 0.81 0.83 0.90 1755 820 0.81 0.59 0.76
SVR-PSO 1541 693 0.74 0.73 0.87 1447 741 0.66 0.72 0.82
LSTM 27.11 14.60 0.16 0.15 0.59 25.65 14.14 0.09 0.44 0.58
LSTM-FDA 20.69 1044 0.58 0.47 0.76 13.89  8.78 0.67 047 0.82
LSTM-PSO 1496 785 0.73 0.75 0.86 1740 856 0.70 0.66 0.83

RF 2576 1446 026 0.17 0.66 2132  14.10 0.27 0.18 0.64
RF-FDA 9.73 443 089 0.85 0.95 17.17 8.03 0.58 0.51 0.77
RF-PSO 1030 4.63 0.88 0.81 0.94 1542 7.84 0.64 0.74 0.80

XGBoost 20.56 1122 0.50 0.64 0.71 23.11 1217 042 0.57 0.65
XGBoost-FDA 1250  7.05 0.80 0.82 0.90 19.58 9.55 0.68 0.70 0.83
XGBoost-PSO 9.00 538 0.89 0.88 0.95 21.50 9.55 0.68 0.61 0.80




