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A Streamflow Network Model for Daily Water Supply
and Demands on Small Watershed (1)

—Simulating Daily Streamflow from Small Watersheds—
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Summary

The Objectives of this paper were to develop a modified tank model that is capable of
simulating daily streamflow from a small watershed using daily watershed evapotranspiration
and to test the applicability of the model to different watersheds. Tank model was restructured
to consist of three series of tanks, each of which may mathematically reflect watershed
runoff mechanisms from different components of surface runoff, interflow, and baseflow.
And pan evaporation was correlated to potential evapotranspiration estimated from a combina-
tion method, and was multiplied by monthly crop and landuse coefficients, and watershed
storage coefficient to estimate the watershed evapotranspiration losses.

Ten watersheds were selected to calibrate model parameters that were defined using
an optimization scheme, and the results were correlated with watershed parameters.

Simulated daily runoff was compared to the observed ones from the tested watersheds.
The simulating results were in good agreement with the observed values when optimal
and calibrated parameters were used. Ungaged conditions were also applied to compare
simulated values to the observed. And the results were in fair conditions for all the tested

watersheds which differ considerably in their sizes, landuse types, and physiological features.
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Fig. 1. Schematic of modified tank model
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Table-1. Monthly landuse coefficients for watershed evapotranspiration

Land use Monthly evapotranspiration‘ coefficients, K. Average
1 2 3 4 5 6 7 '8 9 100 11 12
Conifer 05 05 06 06 07 07 07 07 06 05 05 04 0.6
Broad-leaf 06 06 07 07 08 09 09 09 07 06 05 04 0.7
Mixed 06 06 07 07 08 08 08 08 07 06 05 04 0.7
Paddy 04 05 06 07 08 09 11 13 10 06 05 04 0.7
Upland 04 05 06 07 08 08 09 12 08 13 08 04 0.8
Others 04 05 06 06 08 08 08 08 08 06 05 04 0.6
Average 05 05 06 07 08 08 09 10 08 07 06 04 0.7

* Source . 1) USDA Forest Service(1976)

2) Agricultural Development Institute, SNUA(1966)
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Table-2. Watershed characteristics and land uses

Watershed | Stream Paddy Upland Forest Others Shape
Watershed area length rate rate rate rate factor
(km?) (km) (%) (%) (%) (%) ®

Banweol # 1 2.5 3.83 31.0 14.0 40.0 4.0 0.19
Banweol # 3 4.80 3.85 7.0 5.0 68.0 1.0 0.32
Bosung 275.00 41.50 184 7.3 64.5 10.0 0.32
Yongdam 937.00 64.30 8.2 6.0 78.0 7.8 0.16
Gidae 346.00 30.30 104 10.0 68.2 114 0.38
Naju 2,060.30 75.10 18.6 85 58.2 14.7 0.37
Goesan 671.00 79.20 87 10.7 718 290 0.11
Py.chang#1 519.69 51.85 33 84 85.7 2.7 0.19
Bocheong # 2 346.53 30.31 134 6.0 76.0 4.6 0.38
Wiecheon # 4 109.73 18.90 3.2 4.8 90.8 12 0.31
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Table-3. Empirical equations for estimating the parameters of the modified tank model

parameter Regression equations r’
an an=0.107+0.01 log (Area) 0.561
an az=—0.192+0.001 (forest) —0.001(iength) 0.756
a:z a,—0.089+0.004 log (Area) —0.002 (upland) . 0.860
aj a3=0.005+0.00026 (length) 0.742
b b1=0.616—0.042 log (Area)—0.002 (forest) 0.949
b b:=0067
bs b s=0.005654 +0.021784(f) —0.0015781 log (length) 0.640
hn hi=5.495+0.564 log (Area) 0.518
has hiz=—70.256+1.283 (forest) +188.991(f) 0.970
hs h ;= —2.060+5.8821 log (Area) —0.369 (length) 0.733
hs h3:O
¥Area . km®%, Length : km, Paddy, Upland, Forest: %
Table-4. Comparison of observed and simulated monthly streamflow using calibrated parame-
ters
Station JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. Total % Remarks
Banweol |P - - — 295 700 864 1801 2744 585 — — — 6989 P : Preci-
#1 Qo - - 45 39 128 632 1412 1082 — - - 2752 394 pitation
1986 |Qe - - 56 108 165 397 803 387 - - - 1914 407
Banweol |P - - - 295 700 864 1801 2744 585 — - - 698.9 Q. * Observed
#1 Qo - - - 90 104 38 512 1619 797 -— - - 3158 45.2|Q. - Estimated
1986 |Qe - - - 73 125 232 716 1152 487 — - - 2784 398
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Station JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. VOV. DEC. Total % | Remarks
Bosung |P 71 1562 566 1789 1106 2513 1421 2509 422 475 259 425 13118 P Preci-
Qo | 141 538 330 541 565 2133 607 784 394 249 167 149 6598 503  pitation
1976 (Qe | 700 701 313 563 586 1692 490 755 291 54 77 100 5792 442
Bosung |P 00 10 967 2702 1885 1258 1639 78 564 54 735 22.8 10800 Qo : observed
Qo | 110 80 145 1291 775 698 888 182 208 102 118 114 4711 436
1977 |Qe 66 07 175 1568 1146 944 997 261 205 21 190 95 5674 55| Esimed
Bosung |P 257 1111 1111 1731 1932 4265 2174 4182 1762 149 187 63.1 19502
Qo | 110 407 255 816 1118 2384 1640 4824 1309 27.1 151 249 13534 694
1979 |Qe 55 533 552 1252 1379 2631 1595 3110 1729 444 156 261 13697 702
Yongdam |P 184 783 156 1086 8L2 1694 3581 1772 3444 829 356 27.6 1497.3
Qo | 109 271 213 650 277 361 2856 1249 2165 365 298 248 9062 605
1970 |Qe | 163 337 164 482 205 531 2650 890 2582 564 249 226 9043 604
Yongdam [P 484 460 399 497 865 2456 3051 1992 1668 177.7 236 199 12563
Qo | 203 406 443 236 284 682 2717 1454 780 2L1 124 130 7670 611
1971 (Qe | 182 225 229 104 288 1072 2405 1535 1199 329 -134 91 7793 623
Yongdam [P 935 348 1719 577 1434 769 2801 3942 1108 837 1195 290 15529
Qo | 249 341 1128 693 1224 158 1646 1985 708 255 692 496 9575 617
1972 Qe | 201 307 814 627 823 266 2022 2607 1071 338 670 261 10096 650
Yongdam |P 709 255 90 1504 1071 793 2000 2595 1794 107.9 519 249 1265.8
Qo | 548 286 170 761 543 152 333 1888 1052 510 344 192 6769 535
1973 {Qe | 366 200 104 768 549 186 835 19911 1160 732 403 199 7494 592
Gidae [P 108 308 714 1530 568 1727 3489 1338 1953 258 338 207 12538
Qo 00 00 405 970 381 418 2136 326 1140 142 61 37 6016 480
1986 (Qe | 128 80 142 339 198 558 1861 578 1036 220 69 74 5269 420
Gidae |P 76 93 283 1438 590 2115 2498 1099 1724 274 858 204 11252
Qo 31 29 32 439 239 603 1203 262 881 120 135 93 4067 361
1984 |Qe 53 11 28 425 313 970 1475 485 1255 384 387 214 6110 543
Naju |P 69 568 119 1096 990 167.9 3723 1405 2048 1087 291 121 14096
Qo | 125 49 92 201 266 325 3291 439 2189 425 162 93 7657 543
1970 Qe | 205 161 7.3 361 248 536 2617 340 2114 616 221 103 7685 545
Naju |P 608 552 417 548 880 2790 35L1 2391 1551 212 320 196 13976
Qo | 158 346 244 146 79 1108 3704 1819 605 172 71 41 8493 608
1971 |Qe | 194 201 164 9.1 259 1418 2546 1913 1105 228 88 63 8271 592
Naju P 641 464 118 1514 1826 882 2165 1287 1763 824 229 338 12051
Qo | 403 216 95 688 1199 117 786 781 877 354 187 94 5797 481
1973 Qe | 409 244 97 758 1220 294 1006 896 1018 423 185 89 6638551
Naju [P 234 430 552 2013 2084 1193 2422 3402 375 1359 266 416 17703
Qo 99 137 289 624 1549 325 1493 2620 772 948 147 123 11135 629
1974 |Qe | 103 87 286 1032 1344 656 3176 2416 1380 946 85 115 11626 657
Goesan [P 45 771 589 729 177 626 1205 6582 163 565 353 361 11617
Qo 66 323 278 138 180 78 105 3433 346 106 97 142 5291 455
1976 |Qe 83 276 170 119 93 156 336 4315 617 156 150 220 6661 57.3
Goesan |P 156 295 690 935 1051 3174 1473 1687 1490 412 309 299 11971
Qo 53 102 308 509 369 2305 842 1360 1081 206 98 95 7328 612
1979 |Qe 26 75 263 543 487 1926 1227 1216 1045 298 92 98 7295 610
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Table-5. Comparison of observed and simulated daily streamflow

Annual streamflow
Watershed VeIr)g;’%t on Observed Calibrated chgr? lc%tc}g? (R nll\;ln
(mm) (mm)

Banweol# 1 88 165 3318 0.520 2.63
Banweol # 3 88 380.6 337.0 0.895 3.07
Bosung 80, 82, 83 858.0 1007.1 0.816 3.55
Yongdam 74,75,76 698.7 789.8 0.804 2.89
Gidae 85, 86 7312 857.3 0.827 2.56
Naju 75,76,77,79 536.9 668.0 0.795 2.07
Goesan 83,85 682.3 772.8 0.780 2.87
Average 579.0 680.5 0.777 2.81
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