Variabilidad regional de los componentes
del balance hidrico

Autora: Rosana del Carmen Hammerly

Tesis doctoral UDC / Ao 2017

Directores: Oscar Carlos Duarte

Antonio Paz Gonzalez

Tutor: Antonio Paz Gonzalez

Programa de Doctorado en Ciencia y Tecnologia Ambiental

=—a—= UNIVERSIDADE DA CORUNA

iy



ANEXO IV

Abril 2017



ANEXO IV

Resultados del Balance Hidrico Superficial utilizando campos
de precipitacion y evapotranspiracion potencial mediante
método de Thiessen
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IV.1. Balances hidricos superficiales de la margen izquierda del rio Parana

Tabla 1. Variables del balance hidrico superficial en A° Piray Mini

en Valle Hermoso. Periodo 1971/71-2009/10.

3 Total /
(@) o —
-g’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
8 @ N S Anual
Ll
Prec (mm) 167.7|235.9|166.1|167.8|161.7 | 165.4|140.5|175.4 | 168.4|163.5|110.6|136.8| 1960
ETP (mm) 81.7 |111.4|135.0(154.4|159.9|125.3|109.5| 725 | 50.6 | 36.0 | 41.7 | 61.3 1139
‘g ? ETR (mm 75.3 |100.4|115.6(124.5|126.0|107.2| 98.1 | 74.6 | 53.7 | 40.4 | 49.0 | 64.7 1030
L s g
§ 2 o § Escorr (mm) 77.2 |1329| 78.1 | 60.6 | 49.1 | 51.6 | 38.6 | 64.1 | 88.8 | 84.8 | 59.9 | 57.6 843
= I
o T —
o ; % Qobs (M?/S) 36.4 | 60.5 | 36.8 | 27.6 | 22.4 | 26.0 | 17.6 | 30.2 | 40.5 | 39.9 | 27.3 | 26.2 32.6
>
Oesp (Its/s Km?) 29.8 | 496 | 30.1 | 22.6 | 183 | 21.3 | 14.4 | 24.7 | 33.2 | 32.7 | 22.3 | 215 26.7
Aport.total (Hm3) | 94.2 [162.1| 95.3 | 74.0 | 59.9 | 63.0 | 47.1 | 78.2 |108.4|103.5| 73.0 | 70.3 1029
Tabla 2. Variables del balance hidrico superficial en A° Piray Guazu en Pinar Ciba. Periodo 1971/71-2009/10.
o S . Total /
-g’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
8 o N S Anual
Ll
Prec (mm) 171.7|244.8|177.0|173.8|163.3|167.7|140.6 | 182.6 | 176.0|171.7 | 116.3|142.7| 2028
ETP (mm) 75.3 |100.4|115.6|125.1|128.6|111.6|104.8| 77.0 | 53.9 | 40.3 | 49.0 | 64.7 1046
E o ETR (mm) 90.4 |120.5|138.3|145.4|147.1|120.6|108.9| 88.0 | 63.7 | 48.4 | 58.8 | 77.7 1208
on) > i)
Q g 8 g Escorr (mm) 66.6 | 107.5| 73.6 | 56.8 | 43.4 | 43.8 | 35.2 | 58.3 | 73.0 | 75.5 | 563.2 | 56.2 743
o © © —
o a E Qops (M/s) 33.8 528|374 |279 213|238 |17.3|29.6 | 359 | 383 | 26.1 | 27.6 31.0
o
<
Oesp (Its/s Km?) 257 | 40.1 | 284 | 21.2 | 16.2 | 18.1 | 13.1 | 225 | 27.3 | 29.1 | 19.9 | 21.0 23.6
Aport.total (Hm3) | 87.7 |141.4| 96.9 | 74.8 | 57.1 | 57.7 | 46.3 | 76.8 | 96.1 | 99.4 | 70.0 | 73.9 978




Tabla 3. Variables del balance hidrico superficial en A° Paranay en El Alcazar. Periodo 1971/71-2009/10.

3 Total /
(@) o —
-.g’ R % ENE Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
8 o N S Anual
Ll
Prec (mm) 156.91231.9|165.9|152.1|157.5|149.9|157.8|162.8 |152.8|150.5|123.8|114.3| 1876
ETP (mm) 81.6 {108.3|125.5|140.0|142.1|120.0|113.2| 81.4 | 58.3 | 43.9 | 52.0 | 68.6 1135
> . ETR (mm) 81.6 [107.7|125.6|137.9|141.7|114.1]104.7| 77.8 | 57.6 | 43.9 | 52.0 | 68.6 1113
O c ©
5 g § S Escorr (mm) 62.8 [{102.2| 79.2 | 57.7 | 37.4 | 40.4 | 344 | 573 | 729 | 74.1 | 67.8 | 61.4 748
o a < o
o % w Qobs (m3/s) 23.7 | 374|299 | 211|137 | 16.3 | 126 | 21.6 | 26.6 | 28.0 | 24.8 | 224 23.2
Oesp (Its/s sz) 242 | 382 | 305 | 215|140 | 16.7 | 129 | 22.1 | 27.2 | 28.6 | 25.3 | 22.9 23.7
Aport.total (Hm3) | 61.4 |100.0| 77.5 | 56.5 | 36.6 | 39.5 | 33.7 | 56.1 | 71.3 | 72.5 | 66.3 | 60.1 732
Tabla 4. Variables del balance hidrico superficial en rio Santa Lucia en Santa Lucia. Periodo 1971/71-2009/10.
o S . Total /
-.g’ R % ENE Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
8 o N S Anual
Ll
Prec (mm) 76.3 [148.9|151.3|123.6|129.0|158.2153.4|178.4| 81.2 | 78.0 | 54.0 | 50.3 1383
ETP (mm) 94.2 {123.9]140.9|161.3|164.2|134.5|123.2| 85.3 | 64.3 | 48.4 | 56.5 | 75.0 1272
S
g K ETR (mm) 84.5 (114.0|113.4|121.6|117.9|111.6|105.1| 81.2 | 59.0 | 47.2 | 52.0 | 66.6 1074
< 4 =}
z g 2 § Escorr (mm) 121 | 19.1 | 26.8 | 27.7 | 24.8 | 194 | 25.6 | 42.6 | 36.3 | 29.3 | 23.0 | 16.9 304
o @ = ©
o @ § Qobs (M%/5) 30.4 | 465 | 67.4 | 67.5 | 60.5 | 52.4 | 62.4 [107.1| 88.3 | 73.6 | 56.1 | 41.2 | 62.8
o Qesp (Its/s Km?) 47 | 71 |103]104| 93 | 80 | 96 | 164 | 135|113 | 86 | 6.3 9.6
Aport.total (Hm3) | 78.7 |124.5|174.6|180.9|162.0|126.7 |167.1 |277.5|236.4|190.8|150.3|110.4| 1980




Tabla 5. Variables del balance hidrico superficial en rio Corriente en Paso Lucero. Periodo 1971/71-2009/10.

o o . Total /
%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
8 o N S Anual
Ll
Prec (mm) 90.6 | 158.5|145.9(124.3|121.6|141.4|139.5|173.2| 97.5 | 92.3 | 75.3 | 62.3 1422
ETP (mm) 90.1 |119.5|137.9|157.0|158.8|131.4|120.0| 85.8 | 63.0 | 48.0 | 55.9 | 73.9 1241
g o ETR (mm) 83.5 |109.7|107.4|105.2|101.5| 97.2 | 97.4 | 79.2 | 61.1 | 47.1 | 54.3 | 65.4 1009
D S o
§ 'g = é‘ Escorr (mm) 26.0 | 26.3 | 35.1 | 34.7 | 33.4 | 279 | 36.1 | 54.1 | 48.6 | 42.0 | 38.6 | 29.8 433
o O o ®
(o4 § § i Qops (M°/s) 130.4|127.9(175.9|168.6|161.9|150.1|175.1|271.3|236.1|210.6 | 187.6|144.8| 178.4
Oesp (Its/s Km?) 100 | 98 | 135 |13.0 (125|115 | 135|209 |18.2 | 16.2 | 144 | 11.1 13.7
Aport.total (Hm3) | 338.1|342.6 | 455.8 | 451.6 | 433.7 | 363.2 | 468.9 | 703.2 | 632.3 | 545.8 | 502.4 | 387.8| 5625
Tabla 6. Variables del balance hidrico superficial en A° Batel en Paso Cerrito. Periodo 1971/71-2009/10.
o S . Total /
%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
8 o N S Anual
Ll
Prec (mm) 77.5 |152.0|156.0(119.5|126.3|162.9 | 145.7|186.1| 90.3 | 85.9 | 59.0 | 54.3 1416
ETP (mm) 92.5 |122.5|139.5(159.9|162.0|132.3121.5| 83.0 | 62.4 | 46.8 | 54.5 | 73.0 1250
Q ETR (mm) 93.4 |133.9|127.3(119.8|121.0|123.3|123.2| 98.8 | 71.3 | 56.4 | 60.1 | 78.5 1207
t T =
% g 3 § Escorr (mm) 84 | 10.7 | 184 | 13.1 | 136 | 13.3 | 13.9 | 304 | 20.7 | 21.0 | 14.7 | 10.5 189
o ) O [Te)
(o4 < § Qops (M°/s) 18.0 | 224 | 39.6 | 27.3 | 28.4 | 30.7 | 29.0 | 65.7 | 43.2 | 45.2 | 30.8 | 21.9 33.5
Oesp (Its/s Km?) 32 | 40| 71 | 49 | 51 | 55 | 52 | 117 | 77 | 81 | 55 | 3.9 6.0
Aport.total (Hm3) | 46.7 | 60.0 |102.7| 73.2 | 76.0 | 74.3 | 77.7 |170.3|115.7|117.3| 82.5 | 58.6 1055




Tabla 7. Variables del balance hidrico superficial en rio Corriente en Los Laureles. Periodo 1971/71-2009/10.

o o . Total /

%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.

8 o N S Anual
Ll

Prec (mm) 82.8 |149.8|147.4|122.5|123.6|145.8139.5|173.9| 93.1 | 85.2 | 65.7 | 56.5 1386

ETP (mm) 90.6 |120.2|138.2|157.9|160.0|131.5|{120.1| 84.0 | 62.1 | 46.9 | 54.7 | 72.9 1239

% Q ETR (mm) 85.0 |114.7|113.2|112.4|108.4|104.8|104.6| 83.1 | 62.3 | 48.3 | 54.3 | 67.8 1059
2 |8 |7

é s E E Escorr (mm) 194 | 21.8 | 276 | 30.6 | 26.4 | 22.3 | 26.3 | 42.0 | 45.1 | 34.0 | 31.2 | 25.9 353

o O - @

o k=) a o Qops (M°/s) 172.5|187.6 |245.6 | 263.7 | 227.5|212.4 | 226.5 | 374.1 | 388.6 | 302.5 | 269.0| 223.2 | 257.8
o -l

Oesp (Its/s Km?) 75 | 81 | 106|114 | 99 | 92 | 98 | 16.2 | 16.8 | 13.1 | 11.7 | 9.7 11.2

Aport.total (Hm3) | 447.0|502.4 | 636.6 | 706.2 | 609.3 | 513.9 | 606.5 | 969.7 | 1041 | 784.1 | 720.4|597.7| 8135

Tabla 8. Variables del balance hidrico superficial en A° Barrancas en Paso La Llana. Periodo 1971/71-2009/10.

o S . Total /

%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.

8 o N S Anual
Ll

Prec (mm) 67.2 |122.5|120.0(121.1|126.9|130.3|148.3|157.8| 75.6 | 62.9 | 42.0 | 39.3 1214

ETP (mm) 86.1 | 115.5|134.8|156.5|160.7|128.9|115.1| 76.1 | 54.4 | 39.9 | 47.1 | 66.0 1181

2 g ETR (mm) 68.6 | 95.7 |101.8(102.6| 97.4 | 93.8 | 97.6 | 68.5 | 48.7 | 36.1 | 39.3 | 52.8 903
< e =

g g E § Escorr (mm) 86 | 184 | 256 | 26.2 | 24.7 | 28.2 | 31.7 | 55.6 | 51.9 | 29.2 | 20.2 | 10.3 330

o © Te]

o 2 § Qobs (M?/3) 18.2 | 38.0 | 54.4 | 54.1 | 50.9 | 64.3 | 65.4 |118.4|107.0| 62.1 | 41.6 | 21.2 58.0
o

Oesp (Its/s Km®) 33 | 69| 99 | 98| 92 |116 (118|214 (194|112 | 75 | 3.8 10.5

Aport.total (Hm3) | 47.3 | 101.8|141.1|144.8|136.3 | 155.5(175.0|306.8 | 286.6 | 160.9 | 111.4| 56.9 1824




Tabla 9. Variables del balance hidrico superficial en rio Guayquiraré en Paso Juncué. Periodo 1971/71-2009/10.

3 Total /
(@) o —
%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
Q o S KX Anual
© i
Prec (mm) 68.9 |125.9|130.3(131.7|137.4|141.3|158.3|162.0| 81.5 | 63.0 | 38.6 | 40.7 1280
ETP (mm) 84.8 |114.4|134.2|156.2|161.0|127.9|114.6| 75.0 | 52.8 | 38.5 | 45.7 | 64.3 1169
O
@ ‘o ETR (mm) 72.6 |102.7|112.2(121.6|112.4|105.9|103.6| 72.1 | 49.9 | 36.8 | 42.5 | 54.9 987
zZ =} o
§ % § § Escorr (mm) 7.7 | 20.2 | 288|224 |232|258 |315|429 321|209 |13.7 | 6.3 276
o = o ™
o (-g & Qops (M°/s) 93 | 236|348 |261|271|334 (369|517 |375|253|160| 7.4 27.4
8 o
o Oesp (Its/s Km?) 30 | 75 | 111 | 83 | 87 |10.7 | 118 | 165|120 | 81 | 51 | 24 8.8
Aport.total (Hm3) | 24.1 | 63.2 | 90.2 | 70.0 | 72.5 | 80.8 | 98.7 |134.1|100.5| 65.5 | 42.9 | 19.8 862
Tabla 10. Variables del balance hidrico superficial en A° Feliciano en Paso Medina. Periodo 1971/71-2009/10.
o S . Total /
%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
Q o S KX Anual
© i
Prec (mm) 66.1 |122.8|133.9(132.7|142.3|141.8|160.6|162.7 | 80.5 | 54.3 | 34.5 | 39.5 1272
ETP (mm) 78.3 |108.3|131.4|155.5|161.3|125.1|113.4| 72.9 | 49.3 | 35.1 | 40.3 | 57.9 1129
A o @ ETR (mm) 68.8 | 98.4 |114.4(121.9|111.5/106.4|102.7| 71.3 | 47.0 | 33.8 | 37.5 | 49.9 964
[ k]
UzJ o g g Escorr (mm) 119 | 19.2 | 274 | 24.7 | 23.6 | 30.7 | 34.8 | 53.8 | 33.7 | 23.4 | 11.9 | 6.5 302
(@) ()
— L o Lo
(o4 % & Qops (M°/s) 25,5 | 39.7 | 58.7 | 51.2 | 48.8 | 70.4 | 72.0 |115.1| 69.7 | 50.1 | 24.6 | 13.5 53.3
o
Oesp (Its/s Km?) 46 | 7.2 | 106 | 9.2 | 88 |127 | 130|208 | 126 | 9.0 | 44 | 24 9.6
Aport.total (Hm3) | 66.1 [106.5|152.1|137.1|130.8|170.3(192.9|298.4|186.8|129.8| 65.9 | 36.2 1673




Tabla 11. Variables del balance hidrico superficial en A° Nogoyé en RP 11. Periodo 1971/71-2009/10.

3 Total /
(@) o —
%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
‘0 @ = <X Anual
© i
Prec (mm) 58.6 |117.9|117.4|127.6|114.2|130.3|154.2|113.3| 59.0 | 39.5 | 28.6 | 33.6 1094
ETP (mm) 85.3 |115.8|140.3|163.6|170.1|132.6|119.1| 78.7 | 55.5 | 40.3 | 45.5 | 64.1 1211
® o - ETR (mm) 66.2 | 98.7 |{110.9|107.4|101.7| 89.6 | 97.1 | 71.9 | 49.7 | 35.6 | 41.1 | 55.6 925
2 —
% % S, % Escorr (mm) 11.7 | 114 | 13.1 | 125 | 141 | 239 | 28.1 | 27.3 | 22.0 | 16.1 | 10.3 | 6.7 197
= pd
o o ™
o % 4 Qops (M°/s) 176 | 166 | 196 | 18.1 | 205 | 384 | 40.8 | 41.0 | 32.0 | 24.1 | 15.0 | 9.7 24.5
Oesp (Its/s Km?) 45 | 43 | 50 | 47 | 53 | 99 |105|105| 82 | 6.2 | 39 | 25 6.3
Aport.total (Hm3) | 45.6 | 44.5 | 50.8 | 48.5 | 55.0 | 92.8 {109.2|106.3| 85.7 | 62.6 | 40.1 | 25.9 767
Tabla 12. Variables del balance hidrico superficial en rio Gualeguay en Rosario del Tala. Periodo 1971/71-2009/10.
o S . Total /
%’ ke 2 g“‘g Variable SET | OCT | NOV | DIC | ENE | FEB | MAR | ABR | MAY | JUN | JUL | AGO | Mdd.
‘0 @ = <X Anual
© i
Prec (mm) 76.7 |118.9|128.7 |127.4|124.1|132.3|148.5|132.5| 81.9 | 60.5 | 43.8 | 45.1 | 1220
ETP (mm) 77.9 |107.3|130.7 |154.0|160.3|124.6111.9| 72.8 | 49.6 | 35.6 | 40.5 | 58.0 | 1123
©
§‘ E ETR (mm) 71.4 1101.8|116.0(126.3|115.8| 96.2 |101.4| 69.6 | 46.8 | 34.3 | 38.5 | 53.4 | 971
- o) —
E % 5 g Escorr (mm) 125|186 | 23.1 | 23.1 | 200 | 24.6 | 28.0 | 31.0 | 28.1 | 195 | 129 | 9.8 251
- D 2 Lo
o ‘3 o - Qops (M°/s) 76.8 |111.1|142.3(137.5|119.3|162.2|166.9|190.9|167.5|120.2| 77.1 | 58.5 | 127.5
b o)
o Oesp (Its/s Km?) 48 | 70 | 89 | 86 | 7.5 |10.2 | 104 | 120|105 | 75 | 48 | 3.7 8.0
Aport.total (Hm3) | 199.1 | 297.6 | 368.9 | 368.3 | 319.4 | 392.3 | 447.0 | 494.9 | 448.7 | 311.6 | 206.5 | 156.8 | 4011







