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Figure S1. Annual indices of the regional vector and stations in Region 2.
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Figure S2. Annual indices of the regional vector and stations in Region 4.
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Figure S3. Taylor diagrams that show a statistical comparison (normalized standard deviation
and correlation coefficient) of observed precipitation and modeled precipitation based on precipi-
tation datasets (training and test) for four stations: (a) San Pedro de Pilas (training), (b) San Pedro
de Pilas (test), (c) Huangascar (training), (d) Huangascar (test), (e) Yayos (training), (f) Yayos (test),
(g) San Juan de Yanac (training), and (h) San Juan de Yanac (test).
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Figure S4. Taylor diagrams that show a statistical comparison (normalized standard deviation
and correlation coefficient) of observed precipitation and modeled precipitation based on precipi-
tation datasets (training and test) for four stations: (a) Tanta (training), (b) Tanta (test), (c) Yaurico-
cha (training), (d) Yauricocha (test), (e) Vilca (training), (f) Vilca (test).
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Table S1. Annual regional vector indices — Region 2.

Ne° Standard Station/vector
Station
Years deviation correlation
San Juan de Yanac 17 0.120 0.952
San Pedro de Pilas 19 0.137 0.976
Huangascar 18 0.096 0.937
Yauyos 17 0.179 0.861
Table S2. Annual regional vector indices — Region 4.
N° Standard Station/vector
Station
Years deviation correlation
Tanta 19 0.196 0.727
Vilca 19 0.074 0.903
Yauricocha 19 0.196 0.551

Table S3. K-means clustering (2001-2019 period).

Regions

Stations

Region 1

Region 2

Region 3

Region 4

Langa

San Lazaro de Escomarca
Ayaviri

Huancata

Huanec

Huarochiri

Carania

San Juan de Yanac
San Pedro de Pilas
Huangascar

Yauyos

Pacaran
Socsi

Canete

Tanta
Vilca

Yauricocha
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Table S4. Correlation coefficient - Region 2.

San Pedro de Pilas 1

Huangascar 0.58 1

Yauyos 043 040 1

San Juan de Yanac 043 0.36 0.32 1
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Table S5. Correlation coefficient - Region 4.

Tanta 1
Yauricocha 0.37 1
Vilca 0.43 0.45 1
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Table S6. Model efficiency according to fit statistics - Region 2.

Sam-  Statis- Machine Learning Optimized Machine Learning
Stations LRM MRM
ples tics MRM KNN GBT RF MRM KNN GBT RF
Train R? 034 042 0.43 0.54 071 087 043 043  0.63 0.63
Train RMSE 197 184 1.88 1.69 135 096 1.88 190 152 1.54
Train NSE 034 042 0.43 0.54 071 085 043 041  0.63 0.62
San Pedro Train PBIAS  0.00 0.00 0.00 10.82 0.00 -1.16 0.00 1693  0.00 1.02
de Pilas Test R2 0.39 0.32 028 031 0.39 040 0.64 0.63
Test RMSE 173  1.86 195 189 171 172 134 1.37
Test NSE 0.37 0.28 020 025 0.39 038  0.63 0.61
Test  PBIAS -11.84 082 -11.52 -13.62 0.00 16.83  0.00 0.92
Train R? 034 037 0.39 0.52 060 086 0.39 039 054 0.54
Train RMSE 1.89 184 185 1.65 149 093 185 1.86 1.61 1.63
Train NSE 034 037 0.39 0.51 0.60 084 039 038 054 0.53
Huangas- Train PBIAS  0.00 0.00 0.00 10.41 0.00 -097 0.00 1574 0.00 1.75
car Test R2 034 0.29 034 027 0.34 0.37  0.66 0.63
Test RMSE 1.80 1.89 1.80 195 1.80 177 131 1.38
Test NSE 034 0.27 034 022 0.34 036  0.65 0.61
Test  PBIAS -1.58 613  -3.02 -6.04 0.00 0.67  0.00 1.18
Train R? 018 023 025 045 051 075 025 032 045 0.36
Train RMSE 219 212 205 1.76 167 121 205 195 176 1.89
Train NSE 018 023 025 045 050 074 025 032 045 0.36
Train PBIAS  0.00 0.00 0.00 -4.64 0.00 -0.69 0.00 1091  0.00 0.18
Yauyos Test R2 0.18 0.18 026 021 0.19 0.28 046 0.34
Test RMSE 232 238 220 234 231 217 190  2.08
Test NSE 0.18 0.13 026 017 0.18 028 045 0.34
Test  PBIAS 1058 1.14 923 336 0.00 1339 0.00 0.12
Train R? 018 022 0.23 0.38 051 082 0.23 024 043 0.33
Train RMSE 140 137 125 113 1.01 064 125 125 1.08 1.17
Train NSE 018 022 023 0.37 050 080 0.23 023 042 0.32
SanJuande Train PBIAS  0.00 0.00 0.00 -9.28 0.00 -227  0.00 576  0.00 0.46
Yanac Test R2 0.20 0.09 012 012 021 022 0.64 0.48
Test RMSE 1.69 181 176 179 1.67 1.67 114 1.39
Test NSE 0.19 0.07 012 0.09 0.21 020 0.63 0.45
Test  PBIAS 1862 719 1819 1224 0.00 1525  0.00 0.59
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Table S7. Model efficiency according to fit statistics - Region 4.

Statis-

Machine Learning

Optimized Machine Learning

Stations Samples ) LRM MRM
tics MRM KNN GBT RF MRM KNN GBT RF
Train R? 018 022 022 034 036 070 0.22 026 032 027
Train RMSE 484 472 482 446 438 3.06 4.82 469 451  4.67
Train NSE 018 022 022 033 036 0.68 0.22 026 032 027
Train PBIAS 0.00 000 0.00 -16.18 0.00 -0.50 0.00 178 0.00 0.12
fanta Test R2 023 014 023 018 0.23 027 040 031
Test RMSE 440 488 447 474 4.40 428 390 417
Test  NSE 023 005 021 0.10 0.23 027 040 031
Test  PBIAS -1.49 -19.69 -1.99 -3.03 0.00 487 000 0.4
Train R? 021 024 026 035 037 0.63 0.26 028 034 029
Train RMSE 426 416 420 393 388 3.01 4.20 414 397  4.09
Train NSE 021 024 026 035 036 0.62 0.26 028 034 029
Yauricocha Train PBIAS 0.00 000 0.00 -435 0.00 -1.14 0.00 6.98  0.00 -0.02
Test R2 020 016 0.21 018 0.20 023 033 026
Test RMSE 404 429 402 421 4.00 394 368  3.87
Test  NSE 019 009 020 012 0.20 023 033 026
Test  PBIAS -7.50 -11.81 -6.61 -7.52 0.00 795 0.00 0.14
Train R? 021 028 029 040 041 070 0.29 031 039 033
Train RMSE 375 356 352 326 321 234 3.52 347 329 344
Train NSE 021 028 029 039 041 0.69 0.29 031 038 033
. Train PBIAS 000 0.00 000 639 0.00 -0.51 0.00 5.07 000 0.01
Vilea Test R2 025 021 0.27 018 0.26 027 043 033
Test RMSE 367 390 3.64 3.98 3.66 3.62 323 348
Test  NSE 025 016 0.27 0.12 0.26 027 042 033
Test  PBIAS 197 735 159 -2.08 0.00 297 000 023




