Anexo 1

Registro de informacion de salidas de volimenes del embalse San Jacinto.

Volimenes utilizados por la planta eléctrica en hma3.

ANO | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | SEP | OCT | NOV | DIC
1989 16.38 6.95| 13.36 | 12.21 | 13.18 | 7.25| 753 | 9.34| 3.76 | 17.37
1990 | 17.99 | 16.38 | 18.79 | 17.07 | 1654 | 802 | 813 | 652 | 7.43| 7.30|11.37 | 17.09
1991 | 18.14 | 17.20 | 19.88 | 19.59 | 19.81 | 1254 | 6.76 | 6.77 | 7.99 | 7.78 | 991 | 9.35
1992 | 21.41 2048 | 21.94 1319 | 819 | 822 | 846 | 7.85| 7.85(10.74 | 9.93 | 14.79
1993 | 24.15 | 21.37 | 2489 | 1790 | 13.22 | 858 | 9.08 | 8.60| 838 | 9.25| 8.34|10.43
1994 | 22,52 | 23.48 | 25.28 | 16.11 | 11.43 | 9.55|10.09 | 1059 | 9.22 | 6.32 | 7.59 |17.14
1995 | 25.77 | 23.01 | 25.15 | 19.98 | 12,58 | 10.11 | 11.14 | 10.76 | 7.09 | 4.03| 8.11 | 2151
1996 | 23.98 | 18.89 | 28.59 | 24.42 | 15.19 | 11.81 | 12.93 | 10.68 | 7.84 | 7.63 | 10.27 | 1451
1997 | 22.14 1 29.37 | 31.91 | 27.28 | 12.02 | 7.17| 9771051 | 7.18| 881 | 6.17|11.21
1998 | 17.83 | 9.65| 8.74|17.02 | 1493 | 13.77 | 9.66 | 899 | 6.62 | 564 | 6.32 | 16.24
1999 | 10.48 | 28.15 | 32.59 | 30.02 | 17.58 | 10.57 | 7.87 | 8.91|13.99 | 1158 | 8.07 | 7.95
2000 | 20.49 | 28.47 | 30.08 | 26.37 | 20.38 | 16.07 | 10.05| 6.47 | 4.93| 341 | 356 | 381
2001 | 20.05 | 28.68 | 32.75|16.70 | 13.11 | 8.88 | 839 | 6.84| 819 | 894 | 7.67| 6.10
2002 | 16.71 | 22.39 | 28.39 | 16.31 | 12.29 | 1095 | 9.76 | 11.25| 7.40| 8.05|12.46 | 7.22
2003 | 12.22 | 21.17 | 23.87 | 15.62 | 14.78 | 11.28 | 7.00 | 14.05 | 11.73 | 4.29 | 2.25| 3.99
2004 | 1151 | 21.26 | 28.93 |17.75| 11.32 | 893 | 9271226 | 6.30| 814 | 7.24| 9.14
2005 | 29.04 | 31.91 | 36.77 | 2542 | 1193 | 577 | 436| 6.70| 7.22 | 8.20| 4.72|1041
2006 | 34.94 | 36.51 | 39.40 | 38.73 | 20.00 | 7.00 | 9.00| 6.00| 7.00| 5.00| 4.00| 7.00
2007 | 29.62 | 39.70 | 44.28 | 20.41 | 11.34| 832 | 7.24| 620 | 861 | 7.42| 8.05| 579
2008 | 41.42 | 40.70 | 44.66 | 3365 | 7.48| 6.24| 527 | 476| 462 | 455| 5.09 | 29.40
2009 | 44.03 | 41.04 | 45.76 | 42.21 | 1023 | 799 | 6.68| 6.74| 7.55| 8.36 | 4.37|20.20
2010 | 42.19 | 37.39 | 4193|1149 | 519 | 6.28| 960 | 472 | 297 | 297 | 434 | 358
2011 | 20.68 | 40.06 | 44.44 | 24.77 | 11.18 | 552 | 566 | 587 | 550 | 459 | 4.82|29.07
2012 | 42,50 | 39.96 | 44.74 13739 | 1352 | 6.11| 659 | 729 | 8.12|1052| 6.73| 8.84
2013 | 21.99 38.74| 30.76 | 752 | 6.18| 532 | 506 | 482 | 462 | 4.62| 452 |11.09
2014 | 14.63 | 40.57 | 33.82 | 13.08| 6.63| 6.86| 7.50| 6.16 | 4.04| 455| 3.87| 3.93
2015 | 30.75[38.93 | 43.09 | 27.99 | 1422 | 429 | 445| 448 | 459 | 9.04|10.11| 7.75
2016 | 17.99 | 16.38 | 18.79 | 17.07 | 16,54 | 8.19 | 8.13| 652 | 7.43| 7.99|11.37 | 17.09
2017 | 29.27 | 18.73 | 43.28 | 27.35| 6.58| 4.80| 500| 6.03| 512 | 1.60| 2.73| 7.49
2018 | 39.67 | 39.09 | 40.21 | 12.10 | 7.03| 3.35| 4.01| 3.26| 3.38| 7.32| 8.25]|23.01
2019 | 38.33 [ 36.95| 3348|3250 | 11.22| 6.24| 549 | 571 | 637 | 596 | 7.13| 957
2020 | 27.65 | 47.63 | 39.04 | 20.46 | 7.72| 6.27 | 450| 422 | 630| 630 499 | 6.20
2021 | 28.55 | 31.29 | 34.61 | 24.92 | 936 | 541 | 402 | 414 | 456 | 549 | 6.95]32.35
2022 | 26.49 | 29.68 | 31.92 | 10.33 | 6.55| 522 | 345| 331 | 469 | 437 ] 270 | 1.02




Volimenes de bombeo a tanques de la Tablada en m*

ANO | ENE FEB MAR | ABR | MAY | JUN JUL AGO | SEP OCT NOV DIC

1998 10657 112794

1999 41459 110875 | 46872

2000 55325 118101 | 117766

2001 112929 | 159453 | 132434 | 63109
2002 156175 | 86078 22130
2003 52675 | 171306 | 152111 | 110216 | 9430

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013 | 9630 5616 29616 | 66312 | 44802 | 42174 | 48006 | 65952 | 106578 | 97946 128862 | 23244
2014 | 38268 | 8766 23754 | 51930 | 50094 | 41670 | 45876 | 61374 | 88290 45354 49896 81090
2015 | 4770 4764 6714 27474 | 38186 | 27468 | 42858 | 71178 | 86454 84804 64584 39876
2016 | O 16632 | 36012 | 54738 | 38058 | 29286 | 48828 | 68220 | 77370 103278 | 56418 35040
2017 | 48870 | 34164 | 9324 20772 | 43794 | 35382 | 37620 | 71052 | 85122 91344 104526 | 44550
2018 | O 7560 15318 | 70110 | 34908 | 39196 | 55206 | 68100 | 72144 53082 30708 24966
2019 | 1728 12960 | 9864 24306 | 39882 | 35064 | 37248 | 63864 | 83268 92160 48960 18360
2020 | 10332 | 11520 | 23508 | 81864 | 50472 | 57384 | 69192 | 92736 | 82296 92124 68220 26568
2021 | 11016 | 11880 | 8856 21780 | 45360 | 52596 | 52596 | 86436 | 97092 121068 | 39312 8064

2022 | 19836 | 8712 44928 | 50580 | 42084 | 50220 | 65088 | 98100 | 102744 | 118296 | 142776 | 14544




Anexo 2

Caudales medios mensuales observados.

ANO [ ENE | FEB [ MAR [ ABR [ MAY [ JUN [ JUL [ AGO | SEP [ OCT [ NOV | DIC
1990 | 13.97 | 18.75 | 17.20 | 6.55| 3.51| 2.67 | 207 | 1.65)|0.98| 1.92| 6.19| 9.99
1991 | 25.05 | 22.26 | 29.24 | 12.44 | 511 | 327 | 240 | 1.87 | 113 | 2.65| 2.25| 6.83
1992 | 12.37 | 20.27 | 16.14 | 5.87 | 3.21| 253 | 2.08| 151|118 | 1.27| 2.48| 9.94
1993 | 18.06 | 14.54 | 2558 | 8.24| 453 | 3.12| 2.34| 188|089 | 1.39 | 356 | 5.60
1994 | 18.43 | 2323 | 15.12 | 6.99| 3.73| 2.62| 2.04| 1.40|0.83| 1.38| 6.28| 6.51
1995 | 17.30 | 17.77 | 22.54 | 8.99 | 4.49| 3.03|2.35| 179 119| 2.26| 3.75| 7.39
1996 | 16.81 | 15.10 | 14.65 | 8.33| 6.57 | 4.06 | 2.96 | 2.17 | 1.55| 1.09 | 4.80| 8.58
1997 | 15.90 | 23.41 | 18.72 | 10.24 | 4.83 | 3.36 | 2.62 | 1.98|1.71| 097 | 1.40| 3.92
1998 | 7.85| 8.47 | 12.34| 9.82| 4.80| 335|234 | 178 114| 1.17| 3.30| 6.07
1999 | 15.18 | 18.04 | 19.88 | 12.91 | 5.95| 3.95| 2.80 | 2.06 | 2.15| 2.74 | 2.39| 558
2000 | 27.01 | 18.10 | 18.70 | 10.15| 4.96 | 3.20 | 2.26 | 1.64 | 0.91 | 053 | 1.38| 5.24
2001 | 16.37 | 20.82 | 14.74 | 7.81| 4.44| 3.18| 2.42| 1.69 | 1.26| 1.68| 1.64| 7.06
2002 | 11.67 | 22.62 | 16.84 | 8.47 | 4.34| 311|229 | 1.56 | 0.83| 6.55| 5.00 | 4.85
2003 | 15.59 | 10.90 | 10.81 | 6.65| 4.32 | 2.94 | 2.15| 1.32|0.86| 1.24| 2.35| 597
2004 | 15.95 | 13.40 | 12.84 | 6.33| 6.91| 3.71| 2.60| 1.90 | 1.17 | 0.65| 2.19 | 10.12
2005 | 16.60 | 18.59 | 16.66 | 9.93| 440 2.99 | 2.19 | 156 | 1.01| 051 | 3.29 | 953
2006 | 18.60 | 17.31 | 17.26 | 14.46 | 561 | 414 | 3.63| 1.39 | 094 | 057 | 0.82| 6.59
2007 | 21.24 | 18.77 | 18.89 | 821 | 4.27| 3.00 | 2.28| 1.68 | 1.50 | 1.55| 2.51 | 13.89
2008 | 23.27 | 20.02 | 22.49 | 1460 | 458 | 3.24 | 2.33 | 1.46 | 0.80 | 0.99| 3.39 | 20.79
2009 | 20.04 | 15.50 | 25.68 | 13.88 | 5.81 | 3.69 | 2.47 | 1.70| 0.99 | 0.66 | 4.59 | 16.59
2010 | 15.75 | 20.33 | 16.38 | 6.28 | 3.79] 290 | 2.10| 1.90 | 1.01| 093] 021 3.72
2011 | 17.49 | 25.02 | 19.90 | 11.19 | 5.36 | 3.46 | 2.51 | 2.06 | 1.52 | 1.47 | 2.50 | 15.52
2012 | 23.20 | 24.38 | 18.39 | 14.80 | 6.92 | 410 | 2.82 | 2.12 | 1.20| 0.89| 2.94| 2.86
2013 | 19.06 | 20.17 | 10.32 | 6.02| 3.08| 2.73| 2.02| 1.73|1.07| 0.89| 1.35| 8.78
2014 | 14.79 | 22.36 | 1356 | 7.01| 3.89| 2.92 | 220| 1.75|1.10| 2.85| 1.81| 4.68
2015 | 15.77 | 2452 | 19.89 | 1158 | 6.12 | 3.72 | 2.77 | 2.09 | 1.36 | 1.29| 1.47 | 4.42
2016 | 10.71 | 13.65| 9.25| 820 | 7.00| 3.56 | 2.91 | 2.25|2.32| 3.49| 533| 582
2017 | 14.90 | 16.31 | 18.14 | 10.49 | 4.24| 2.99 | 2.12 | 1.69 | 095| 1.11| 1.06| 6.88
2018 | 24.40 | 18.09 | 17.37 | 561 | 3.70| 2.37 | 1.81| 1.68 | 1.41| 1.80| 3.68| 9.60
2019 | 20.71 | 17.11 | 16.63 | 1471 | 566 | 3.32 | 2.66 | 2.36 | 098 | 1.46| 2.32| 6.89
2020 | 18.93 | 21.96 | 16.42 | 9.77| 4.15| 337|204 | 162|122 093| 1.16| 6.14
2021 | 14.48 | 25.04 | 14.19 | 10.84 | 506 | 2.85| 1.88| 1.34| 1.10| 0.78| 2.83 | 13.95
2022 | 22.82 | 26.96 | 13.10 | 5.60 | 3.37 | 2.37| 1.68| 1.09| 0.96 | 0.63| 0.79| 2.24




Anexo 3
Datos de entrada al modelo GR2M

Precipitacion media sobre la cuenca del rio Tolomosa.

ANO | ENE |FEB | MAR | ABR | MAY | JUN | JUL | AGO | SEP | OCT | NOV | DIC

1989 | 106.5 | 67.4 | 1429 | 43 0.1 84 | 2.6 0 10.7 | 719 | 83.9 | 133.8
1990 | 165.2 | 160.6 | 101.9 | 21.7 | 3.2 0 2 6.2 | 106 | 656 | 148.3 | 151.3
1991 | 1723 | 237.2 | 203.1 | 31.2 | 4.8 0 0.2 8.2 88 | 828 | 913 | 171.7
1992 | 1694 | 183 | 127.3 | 10.5 0 0 3.8 2 11.7 27 118 | 222.2
1993 | 1245 | 116.2 | 1941 | 28.8 | 6.5 29 | 8.6 4.8 0.7 | 70.1 | 134.7 | 156.7
1994 | 2142 | 171 771 | 48 0.3 2 0.3 0 40.6 72 123 | 129.5
1995 | 178.1 | 128.6 | 205.6 | 4.6 8.7 0 0 33 | 11.2 | 92.7 | 107.1 | 151.9
1996 | 187.8 | 166.2 | 159.3 | 389 | 39.4 | 1.9 0 58 | 252 | 185 | 1453 | 178.1
1997 | 129.3 | 190.1 | 158.9 | 26.3 | 4.1 0.3 0 17 | 271 | 354 | 853 | 123.9
1998 | 161.2 | 1139 | 819 | 343 | 6.5 7.7 | 2.9 8.1 5 72.9 | 130.1 | 1344
1999 | 1343 | 1615 | 273.7 | 351 | 157 | 26 | 0.7 34 | 5311046 | 995 | 106.2
2000 | 372.1 | 2174 | 169.1 | 219 | 3.9 0 0 15 3.1 | 324 | 827 | 193.2
2001 | 204.3 | 217.6 | 129.4 | 36.8 | 2.4 53 | 0.8 4 143 | 58.6 | 87.2 | 231.2
2002 | 165.4 | 278.9 | 1785 | 41.1 | 3.9 0 1.8 1.2 5 199.7 | 136.4 | 122.5
2003 | 188.9 | 110.7 | 2169 | 149 | 3.8 2.8 0 0 34 | 68.9 107 | 189.1
2004 | 162.7 | 1414 | 161.3 | 723 | 226 | 28 | 1.7 47 | 411 | 357 | 894 | 2194
2005 | 158.8 | 278.3 | 151.8 | 45.7 | 0.7 0 3.7 2.7 6.7 | 17.8 | 151.8 | 208.5
2006 | 240.7 | 226.7 | 162.7 | 648 | 148 | 0.1 | 05 0.4 08 | 97.8 | 70.1 | 112.5
2007 | 259.2 | 1414 | 191.7 | 343 | 8.6 0 0 12 | 255 | 86.5 | 1454 | 232.1
2008 | 244.2 | 1748 | 195.1 | 26.9 0 0 0 4.4 79 | 494 | 1514 | 310.1
2009 | 189.1 | 122.8 | 1943 | 609 | 6.1 01| 04 1.1 16 7.8 | 1424 | 2184
2010 | 117.9 | 289 80.1 | 243 | 8.2 1.4 | 05 0.6 1.1 | 205 | 245 | 1451
2011 | 155 | 175.2 | 1184 | 455 8 3.9 0 0.7 11 53.8 | 974 | 282.6
2012 | 208.5 | 208.8 | 1253 | 90.3 | 0.9 18 | 1.7 16 | 48 | 49.7 | 1129 | 106.7
2013 | 2335 | 167.8 48 177 | 16 14 0 2.3 34 | 426 | 953 | 1456
2014 | 184.6 | 1874 | 83.7 | 11.3 | 0.7 87 | 05 6 7 92 92 134.7
2015 | 2346 | 2749 | 2109 | 73.7 | 5.3 15 4 0 21 | 57.8 | 90.6 | 124.2
2016 | 135.4 | 1115 77 132 | 6.6 2 0 25 | 259 | 312 | 1314 | 147.1
2017 | 82.1 | 131.6 | 123.2 | 457 | 0.9 03 | 0.7 29 | 276 | 39.6 | 53,5 | 167.3
2018 | 307.6 | 193.2 | 1125 | 155 | 7.4 06 | 1.3 4.5 30 774 | 84.8 | 186.2
2019 | 164.7 | 111 | 118.7 | 89.8 | 11.1 0 13.8 | 5.8 16 | 68.2 | 109.1 | 137.8
2020 | 166.7 | 219.6 | 135.2 | 145 | 45 2 0 02 | 333 | 656 | 71.7 | 166.6
2021 | 229 | 1921 | 1899 | 749 | 3.8 2 9.1 0 22 214 | 162.4 | 169.9
2022 | 253.6 | 1789 | 60.5 | 31.3 | 4.7 0 0.5 2.9 8.7 | 129 | 21.2 | 159.9




Evapotranspiracion media sobre la cuenca del rio Tolomosa.

ANO | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO [ SEP | OCT | NOV | DIC
1989 | 145 | 133 129.8 {103 | 95.7 |819 |884 |117.7|118.1 |143.7 |146.1 | 1504
1990 | 150.9 | 124.6 | 140 120.8 {99.9 829 | 825 |108.2 |125.3 | 150.5 | 149.5 | 153.6
1991 | 140.8 | 117.8 | 121.4 | 111.3 | 1025 | 84.1 | 94.3 | 107.6 | 130.2 | 144.2 | 133.5 | 166.6
1992 | 142.1 | 128.2 | 131.1 | 112 105 89.7 | 83.2 |103.8 | 1194 | 143.2 | 144.6 | 158.7
1993 | 151.5 | 124.5 | 127.7 | 112.4 | 102.3 | 89.3 | 86.1 | 106.5 | 127.4 | 146.2 | 149.1 | 147.9
1994 | 1446 | 125.2 | 129.9 | 111.8 | 101.1 | 885 | 94.2 | 1125 | 137.6 | 151.3 | 152.2 | 159.5
1995 | 147.7 | 127.3 | 126.5 | 1145 | 89.4 904 | 99.1 | 1144 | 125 143.6 | 141.9 | 147.9
1996 | 136.8 | 136.7 | 114.7 | 106.5 | 87.7 | 79.7 | 89.3 | 112.2 | 120.3 | 144.9 | 142 144.2
1997 | 150 |124.5 1215 |1085 994 (895 (994 |112.2 | 133.8 | 157 150.8 | 163.6
1998 | 159.5 | 123.2 | 127.1 | 108.2 | 96.1 |86.3 | 91.1 |106.9 | 122.3 | 145.9 | 137.3 | 154.7
1999 | 1414 11293 | 1193 | 942 | 873 |80.2 |88.8 |112.7 | 1343 |126.1 | 131.6 | 140.3
2000 | 140.2 | 128.8 | 115.6 | 106.2 | 90.1 |89.8 | 86.1 |114.1 | 132.3 | 148.5 | 144.7 | 1574
2001 | 154.2 | 125.8 | 128.9 | 105.7 | 96.9 |80.6 | 98.6 |121.5|129.5 | 140.6 | 146 147.8
2002 | 147.2 | 1149 | 1344 | 105.9 | 105.2 | 86.7 | 929 |118.9 | 135.7 | 148.7 | 151.4 | 152.7
2003 | 149.8 | 138 1195 | 108.1 | 98.3 | 92 89.7 |106.8 | 131.1 | 150.6 | 157.3 | 151.6
2004 | 146.4 | 1239 | 121.3 | 104.2 | 815 [88.9 | 928 |115 128.6 | 152.5 | 138.6 | 147.9
2005 | 154 | 121 126.2 {985 |104.5 | 913 | 89.3 | 1153|112 143.7 | 150.4 | 150.4
2006 | 145.4 | 125.7 | 128.5 | 103.4 | 86.3 | 90 99.9 |119 131 1449 | 140.4 | 160.2
2007 | 144.3 | 130.4 | 129.7 | 108.6 | 87.2 929 | 94.2 |106.5 | 132.2 | 153.3 | 140.3 | 145

2008 | 1355 | 127.2 | 116.7 | 108 |97.1 [823 |98.1 |113.1|120.3 |139.7 | 137.5 | 129.4
2009 | 141.7 | 125.1 | 125.1 | 101.2 | 941 |84.9 |88.7 |1179 |125 160 172.8 | 1446
2010 | 147.2 | 134.8 | 130.2 | 106.2 | 93.2 | 87 86.6 | 110.3 | 132.9 | 136.5 | 148.8 | 163.2
2011 | 141.1 | 110.7 | 1155 | 1024 | 909 | 824 |93 113.1 | 137.9 | 1454 | 1479 | 1423
2012 | 139.8 | 124.3 | 1225 | 995 |988 |858 | 933 |118.1|137.1 | 1599 |138.5 |163.7
2013 | 1451 | 1194 | 117.8 | 113.3 | 100.8 | 86.4 | 98.9 | 111.1 | 1314 | 146.2 | 150.3 | 153.3
2014 | 1511 | 1194 | 1255 | 103.7 | 974 |87 97.8 |114.8 | 1375 | 151.7 | 147.1 | 159.3
2015 | 1495 | 123.2 | 120.8 | 1029 | 96.1 | 904 | 964 |127.8 | 137.9 | 155.1 | 143.9 | 160.4
2016 | 158.1 | 140.2 | 1245 | 122.3 | 86.8 |73.1 | 96.8 | 114.7 | 1235 | 146.8 | 148.2 | 163.5
2017 | 162.5 | 132.6 | 131 101.8 | 100.5 | 925 | 98.2 | 122.1 | 134.3 | 161.4 | 147 151.8
2018 | 137.8 | 118.2 | 126.8 | 115 |96.9 |83.5 |94.4 |110.2 | 138.2 | 139.2 | 140 1544
2019 | 151.6 | 129.9 | 124.6 | 108.4 | 100.6 | 100 | 94.3 |113.1 | 136.2 | 156.1 | 156.5 | 153.2
2020 | 148.9 | 124.5 | 134.5 | 106.7 | 100.3 | 97.8 | 101.8 | 118.6 | 132.9 | 158.4 | 149.2 | 154.8
2021 | 148.1 11189 | 1184 | 100 |96.2 [83.7 [923 |115 135.1 | 148.4 | 133.1 | 138.7
2022 | 147.8 1 120.3 | 131.8 | 116.1 | 92.7 [90.3 | 106.6 | 117.5 | 124.4 | 148.7 | 160.7 | 147.2




Anexo 4
Caudales simulados.

ANO | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | SEP | OCT | NOV | DIC
1990 | 3.98|1230| 1011 | 569 | 3.66| 298| 251 | 231 |228| 230| 393 | 6.78
1991 | 11.38 | 2494 | 26.04 | 955 | 494 | 357|280 | 250|240 | 258 | 331 | 6.78
1992 | 10.89 | 16.89 | 13.89 | 6.19| 3.79 | 3.04 | 255 | 233|229 | 217 | 289 | 8.63
1993 | 9511042 | 1610 | 750 | 435|334 | 275 245|234 | 239 | 381 | 6.90
1994 | 14.99 | 19.17 | 1039 | 526 | 348 | 291 | 247 | 227|232 | 243 | 3.65| 541
1995 | 9.95|11.77 | 1846 | 6.68 | 4.18 | 3.23 | 263 | 237|232 | 254 | 355| 6.25
1996 | 12.09 | 16.27 | 16.52 | 835 | 584 | 398 | 299 | 260 | 254 | 233 | 3.66 | 7.92
1997 | 9.61 |1695| 17.00 | 7.61 | 436 | 331 | 267 | 239|237 | 226 | 266 | 3.78
1998 | 6.99| 859 | 6.95| 5.04| 348 | 296 | 250 | 232|227 | 233 | 367 | 582
1999 | 7.98 |13.02 | 2842 | 10.35| 5.75| 400 | 3.02| 260|278 | 355| 477 | 582
2000 | 32.65 3282 | 2464 | 886 | 481 | 353|278 | 246|235 | 223 | 256 | 6.04
2001 | 12.89 | 22.74 | 16.01 | 8.04 | 443 | 343|273 | 244|237 | 236| 288 | 895
2002 | 12.88 | 31.76 | 2457 | 997 | 5.00| 359 | 282 | 247|237 | 466 | 743 | 8.36
2003 | 13.60 | 12.07 | 1965 | 747 | 432| 333|268 | 239|231 | 234| 310| 7.05
2004 | 11.03 | 13.13 | 1528 |10.23 | 582 | 3.99| 3.01 | 260 | 2.64 | 249 | 3.01| 8.72
2005 | 12.09 | 30.32 | 20.86 | 9.83 | 4.87| 354|281 | 248|238 | 221 | 3.49| 935
2006 | 20.37 | 29.27 | 22.02 | 11.57 | 592 | 3.97 | 299 | 256 | 240 | 269 | 3.07| 4.10
2007 | 14.14 1 15.68 | 1956 | 854 | 4.79| 350 | 2.76 | 244 | 241 | 2.66 | 4.66 | 13.46
2008 | 24.66 | 23.80 | 24.72 | 9.15| 471 | 348|276 | 246|236 | 231 | 3.99]20.53
2009 | 22.58 | 17.41 | 21.39 11096 | 536 | 3.75| 289 | 252|243 | 222 | 323| 881
2010 | 9.34 12911 ) 1260 | 6.60| 412| 322 | 263 | 237|229 | 215| 219 | 3.08
2011 | 5741218 | 1170 | 744 | 442 | 340 | 272 | 242|234 231 | 2931321
2012 | 20.35 | 26.30 | 17.15 | 1253 | 547 | 3.83 | 294 | 254|241 | 233 | 312 | 4.12
2013 | 11.89 | 17.02| 816 | 507 | 343 | 288 | 245 | 227|223 | 215| 262 | 4.46
2014 | 952 |17.00) 1047 | 553 | 359 | 3.03| 253 | 233|228 | 245| 313 | 4091
2015 | 13.75 | 32.42 | 30.01 | 1433 | 6.07| 407 | 3.09| 261|244 | 239| 291 | 4.26
2016 | 6.39| 761 | 622 420| 312 | 272|237 | 228|230 | 220| 326 | 574
2017 | 556 | 789 | 862| 6.13| 3.79| 3.04| 254 | 232|232 | 223 | 238| 4.32
2018 | 21.01 | 26.12 | 15.72 | 6.85| 419|324 | 265| 239|239 | 256 | 3.18| 7.26
2019111411 11.14 | 1029 | 9.15| 4.95| 355|290 | 254|240 | 242 | 327 | 5.16
2020 | 9.28119.19 | 1565 | 6.71| 4.07| 319|261 | 235|236 | 241 | 277 | 533
2021 | 14.34 | 21.44 | 2313|1297 | 571 | 395|310 | 262|254 | 233 | 413 | 834
2022 | 21.27 | 23.36 | 10.28 | 624 | 391 | 3.10| 256 | 234|228 | 213| 216| 3.22




Anexo 5
Script de RStudio para la modelacién hidrolégica con GR2M

e Aclaracion el lenguaje R no permite espacio y tampoco acento.

Modelamiento hidrologico utilizando como entrada los datos de precipitacidn
evapotranspiracién en el modelo hidrologico GR2M

e

INSTALAR Y CARGAR PAQUETES NECESARIOS

H= oH 3

# Instalar paquetes
#install.packages ("gstat")

#install.packages ("sp")
finstall.packages ("rgdal")
#finstall.packages ("rgeos")
#install.packages ("maptools")
#install.packages ("xts")
#install.packages ("lubridate")
#install.packages ("raster")
finstall.packages ("corrplot")
#install.packages ("cutoffR")
#install.packages ("airGR")

m(list=1s{())

dev.off ()

fcargar paquetes

library(gstat
library (sp
library(rgdal)
library (rgeos)
library (maptools) # autoloads sp
library(xts)
require (lubridate)
library(raster)
library(corrplot)
library (cutoffR)
library (airGR)
library(lattice)
library(latticeExtra)
library (ggplot2)
m(list=1ls())

#
# GUARDANDO EL PROYECTO EN EL DIRECTORIO DE TRABAJO Y CREANDO VARIABLES
PRINCIPALES

#
#WF <- tk choose.dir(getwd(), "Seleccionar carpeta")#Carpeta de trabajo lo mas
cerca de MIS DOCUMENTOS

WEF <- "C:/GR2M"#Carpeta de trabajo lo mas cerca de MIS DOCUMENTOS

setwd (WF)




#
# CARGAR FUNCIONES AUXILIARES
#
source ("Script.auxiliares/idw.utilidades.R")
source ("Script.auxiliares/utilidades.R")

#

#DEFINIENDO SISTEMA DE COORDENADAS Y VARIABLE A INTERPOLAR

#

utm<-"+init=epsg:32720"4# EPSG:32718: WGS 84 / UTM zone 208

#http://spatialreference.org/ref/epsg/32718/
wgs<-"+proj=longlat +datum=WGS84"

#variable = "TEMP"#variable a interpolar
id.comun = "CODIGO" #identificador de estaciones
#

# IMPORTAR Y DAR FORMATO A LOS DATOS;

#

#importando datos

#fcambiar 'prec' por 'ETo'

data.mensual <- as.xts (read.zoo ("Datos/ETo.csv", header = TRUE, sep =
",",check.names = FALSE)) #dataframe de fechas y registros de estaciones
plot.zoo(as.zoo(data.mensual))

head (data.mensual)

# DEFINIR PERIODO DE ANALISIS AQUI

obs d <- window (data.mensuall[, ],start="1990-01-01",end="2022-12-01")
#>>>>>>>>>> definir periodo de analisis <<<K<K<K<KLKLKLKLKL

plot.zoo(as.zoo(obs d),main="Series de tiempo completas")

fommm function---determinar datos observados por d?a

nonNAs <- function (x) { as.vector (apply (x, 1, function (x)
length (which (!is.na(x)))))}

# ______________

noNAs <- nonNAs (obs d) #estaciones por mes
#plot para ver los datos observados por mes
plot (cbind(obs df[,1],noNAs) [,2],type="0o",main="N?mero de datos por dza")

#importando datos de estaciones

# (Para precipitacion est prec y evapotranspiracion est ETo en caso de no tener
las mismas estaciones)

(data.estacion <- read.csv("Datos/est ETo.csv"))#dataframe de caracteristicas
de estaciones

str (data.estacion)

#importando shapefile de la cuenca

cuenca.shp <- readShapePoly('Datos/Shapefiles/cuenca Tolomosa')
projé4string(cuenca.shp) <- CRS (utm)

#cuenca.shp<- spTransform(cuenca.shp, CRS(wgs))#transformando projection
plot (cuenca.shp)

save (cuenca.shp,file = "Salidas.R/cuenca.shp.Rdata")# "Salidas.R/tmax.Rdata"



#Calculando el centroide de la cuenca
coordinates (spTransform(cuenca.shp, CRS(wgs)))# anotar los centroies

cuenca.centroide <- SpatialPointsDataFrame (coords=coordinates (cuenca.shp),
data=data.frame (coordinates (cuenca.shp)),
proj4string=CRS (utm))
plot (cuenca.centroide, col="blue",pch=13, cex=2,add=TRUE)
cuenca.centroide

# crear una grilla vac?a

raster.base <- raster (extent (cuenca.shp))#baseraster <- raster (extent (-77,-
69.9,-25,-35))

res (raster.base) <- 5000

projection(raster.base) <- CRS (utm)

raster.base[] <- 2

raster.base.sp <- as(raster.base, 'SpatialGridDataFrame') #transformando a
objeto sp

# distribucion espacial de las estaciones
dist.esp.est <- data.estacion

coordinates (dist.esp.est) <- ~ LONG + LAT
projdstring(dist.esp.est)=CRS (wgs)

dist.esp.est <- spTransform(dist.esp.est, CRS(utm))

# plot de datos espaciales de la cuenca
plot (raster.base)

plot (cuenca.shp, add=TRUE)

#plot (raster.base.sp,add=TRUE)

plot (dist.esp.est,col="black",add=TRUE)
dist.esp.est

#
# PROMEDIO AREAL MEDIANTE IDW

# Como output seleccionar "idw.prom.areal"

#

# # Mapas

# idw.mapa <- idw.utilidades (obs d=data.mensual.comp,
data.estacion=data.estacion, id.comun = "CODIGO",

raster.base.sp=raster.base.sp, cuenca.shp=cuenca.shp, utm=utm, wgs=wgs,output
"idw.mapa")

# plot (idw.mapal[[10]11)

# plot (cuenca.shp,add=TRUE)

# plot (dist.esp.est,col="red",add=TRUE)

# Promedio areal

idw.prom.areal <- idw.utilidades (obs_d=data.mensual,
data.estacion=data.estacion, id.comun = "CODIGO",
raster.base.sp=raster.base.sp, cuenca.shp=cuenca.shp, utm=utm, wgs=wgs,output
= "idw.prom.areal")

plot.zoo(as.zoo (idw.prom.areal))

idw.prom.areal

####cambiar "prec" o "ETo"



write.csv(idw.prom.areal, "ETo PM.csv")
# Guardar Datos

####cambiar "prec" o "ETo"

ETo<- idw.prom.areal

save (ETo, file = "Salidas.R/ETo.Rdata")

# Repetir todos los procesos anteriores para la prec o ETo
# ETo.har <- idw.prom.areal#

# save (ETo.har,file = "Salidas.R/ETo.har.Rdata")# "Salidas.R/ETo.har.Rdata" #
"Salidas.R/prec.har.Rdata"

#

#remover y volver a repetir el proceso

rm(list = 1s())

#

# CARGAR DATOS DE CAUDALES Y TRANSFORMAR A mm

#

source ("Script.auxiliares/utilidades.R")

load(file = "Salidas.R/cuenca.shp.Rdata")

#fcargar datos de caudales medios mensuales

Q.mensual <- as.xts(read.zoo("Datos/Q_mensual.csv",header = TRUE, sep =
",",check.names = FALSE))
plot (Q.mensual,main="Caudales mensuales - estaci?n San Jacinto")

#Transformar a medios mensuales
plot (Q.mensual, main="Caudales mensuales")

#Tranformar a mm

QO.mensual.mm <- Q.mensual*day(Q.mensual)*24*3600*1000/area (cuenca.shp)
plot (Q.mensual.mm, main="Caudales mensuales [mm]")

Q.mensual .mm

QO.mensual.mm <- window (Q.mensual.mm,start = "1989-01-01",end = "2023-01-01")
Q.mensual.mm
save (Q.mensual.mm, file = "Salidas.R/Q.mensual.mm.Rdata") #

"Salidas.R/tmax.Rdata"
Q.mensual.mm

area (cuenca.shp)

write.csv (Q.mensual.mm, "Qmm.csv")

rm(list = 1s())

#

# MODELAMIENTO HIDROLOGICO CON GR2M

#

# archivos preprocesados y necesarios
load(file = "Salidas.R/ETo.Rdata")
load(file = "Salidas.R/prec.Rdata")
load(file = "Salidas.R/Q.mensual.mm.Rdata™)

xyplot (prec, col="red")+# PREC
xyplot (Q.mensual.mm) # Q
#ggplot (data =ETo.Rdata,aes () )



## Cargar paquete
library (airGR)
# Datos para GR2M

BasinObs <- data.frame ("DatesR"=as.POSIX1lt (seqg.Date(from = as.Date("1990-01-
o1m, to=as.Date ("2022-12-01"),by="month"), format="%Y-%m-%d"),
"P"=as.numeric (prec), "E"=as.numeric (ETo),"Qmm"=as.numeric (Q.mensual.mm))

## preparacion de InputsModel object
InputsModel <= CreateInputsModel (FUN_ MOD = RunModel GR2M, DatesR =
BasinObs$DatesR, Precip = BasinObs$P, PotEvap = BasinObsS$E)

## periodo de calibracion

Ind Run <- seqg(which (format (BasinObs$DatesR, format = "%m/%Y")=="01/1990"),
which (format (BasinObsS$DatesR, format = "%m/%Y")=="12/2011"))
ind Run0<-Ind Run
## preparacion de RunOptions object
RunOptions <- CreateRunOptions (FUN MOD = RunModel GR2M,
InputsModel = InputsModel, IndPeriod Run =
Ind Run)
## sumulacion
Param <- c(687.54, 1.51)
OutputsModel <- RunModel GR2M (InputsModel = InputsModel, RunOptions =
RunOptions, Param = Param)
## vista previa de resultados
plot (OutputsModel, Qobs = BasinObs$Qmm[Ind Run])
## criterio de eficiencia: Nash-Sutcliffe Efficiency
InputsCrit <- CreatelInputsCrit (FUN CRIT = ErrorCrit NSE, InputsModel =
InputsModel, RunOptions = RunOptions, Obs = BasinObsS$SQmm[Ind Run])
OutputsCrit <- ErrorCrit NSE (InputsCrit = InputsCrit, OutputsModel =

OutputsModel)

## preparacion de CalibOptions object
CalibOptions <- CreateCalibOptions (FUN MOD = RunModel GR2M, FUN CALIB =
Calibration Michel)

## calibracion

OutputsCalib <- Calibration Michel (InputsModel = InputsModel, RunOptions
RunOptions, InputsCrit = InputsCrit, CalibOptions = CalibOptions,FUN MOD =
RunModel GR2M, FUN CRIT = ErrorCrit NSE)

## calibracion

OutputsCalib <- Calibration (InputsModel = InputsModel, RunOptions = RunOptions,
InputsCrit = InputsCrit, CalibOptions = CalibOptions,FUN MOD = RunModel GR2M,
FUN CRIT = ErrorCrit NSE,FUN CALIB = Calibration Michel)

## simulacion
Param <- OutputsCalib$ParamFinalR #parametros calibrados



OutputsModell<- RunModel (InputsModel = InputsModel, RunOptions = RunOptions,
Param = Param, FUN = RunModel GR2M)

## vista previa de resultados
plot (OutputsModell, Qobs = BasinObsSQmm[Ind_Run])

## criterio de eficiencia: Nash-Sutcliffe Efficiency

InputsCrit <- CreateInputsCrit (FUN CRIT = ErrorCrit NSE, InputsModel
InputsModel, RunOptions = RunOptions, Obs = BasinObs$QOmm[Ind Run])
OutputsCrit <- ErrorCrit NSE (InputsCrit = InputsCrit, OutputsModel
OutputsModell)

## Validacion
## periodo de validacion

Ind Run <- seqg(which (format (BasinObs$DatesR, format = "%m/%Y")=="01/2012"),
which (format (BasinObsS$SDatesR, format = "$m/%Y")=="12/2022"))
## preparacion de RunOptions object
RunOptions <- CreateRunOptions (FUN MOD = RunModel GR2M,
InputsModel = InputsModel, IndPeriod Run

Ind Run)

## simulacion

Param <- OutputsCalib$ParamFinalR

OutputsModel <- RunModel GR2M (InputsModel = InputsModel, RunOptions
RunOptions, Param = Param)

## vista previa de resultados

plot (OutputsModel, Qobs = BasinObs$Qmm[Ind Run])

## criterio de eficiencia: Nash-Sutcliffe Efficiency

InputsCrit <- CreatelInputsCrit (FUN CRIT = ErrorCrit NSE, InputsModel
InputsModel, RunOptions = RunOptions, Obs = BasinObsS$SQmm[Ind Run])

OutputsCrit <-  ErrorCrit NSE(InputsCrit = InputsCrit, OutputsModel =
OutputsModel)
#
BasinRes <- data. frame ("F"=OutputsModel [ ["DatesR"]],
"Qsi"=as.numeric (OutputsModel [ ["Qsim"]]))
#H##
fcaudales simulados periodo total
##
Ind Run <- seqg(which (format (BasinObs$DatesR, format = "%m/%Y")=="01/1990"),
which (format (BasinObs$SDatesR, format = "%m/%Y")=="12/2022"))
ind Runl=Ind Run
## preparacion de RunOptions object
RunOptions <- CreateRunOptions (FUN MOD = RunModel GR2M,
InputsModel = InputsModel, IndPeriod Run =

Ind Run)

## simulacion



Param <- QutputsCalib$ParamFinalR
OutputsModel2 <- RunModel GR2M(InputsModel = InputsModel, RunOptions =

RunOptions, Param = Param)

## vista previa de resultados
plot (OutputsModel2, Qobs = BasinObs$Qmm[Ind Run])
#Resultados finales

m=data.frame ("Fecha"=OutputsModel2 [ ["DatesR"]],"P"=as.numeric (prec),
"E"=as.numeric (ETo), "QOmm"=as.numeric (Q.mensual.mm),
"Qs"=OutputsModel2 [["Qsim"]])



Anexo 1
Informacion registrada.

e Registro de niveles del embalse.

e Registro de aperturas de compuertas.
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e Registro de bombeo a tanques de la Tablada

¢ Informacion recolectada por SETAR




Anexo 6
Informacion registrada.

e Registro de niveles del embalse.

e Registro de aperturas de compuertas.
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e Registro de bombeo a tanques de la Tablada

¢ Informacion recolectada por SETAR
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