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Optimizing Unit Hydrograph with Genetic Algorithms
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ABSTRACT

The relationships between rainfall and runoff within a catchment is an important part of
hydrology . Because the observation of rainfall is more easy and accurate than runoff, it could
simulate the amount of runoff by rainfall data. There are several methods used for deriving the
relationships between runoff and rainfall, including unit hydrograph, tank model, storage function,
and HEC-1 model, etc. Unit hydrograph is the oldest one of methods, usually solved by matrix
before. Genetic algorithms, one of optimizing methods, applied in this paper, is finished by evolution
process including replacement, crossover, and mutation steps.

This study takes an example of Ta-An river in central Taiwan area. Data from a rainfall station
Syue-Ling and a river stage station Siang-Bi, were used to optimize unit hydrograph with genetic
algorithms for the Siang-Bi station. The outputs of this study reveal that it is referable to optimize
unit hydrograph with genetic algorithms.

(Keywords : unit hydrograph, genetic algorithms, optimization, Ta-An river)
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Figure 1. Flowchart of optimizing solution process with genetic algorithms.
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Figure 2. Precipitation of Baoli typhoon.
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Figure 3. Hydrograph of Baoli typhoon.
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Table 1. Unit hydrographs from 10 strings and its replacement probability of first generation.
T;iﬁ ¥ & & %
1 2 3 4 5 6 7 8 9 10
1 108 | 1.77 | 199 | 151 | 098 | 182 | 210 | 1.08 | 1.20 | 1.10
2 246 | 399 | 471 | 333 | 227 | 419 | 484 | 253 | 256 | 2.38
3 427 | 6.80 | 8.05 | 565 | 3.99 | 6.77 | 819 | 461 | 445 | 428
4 6.72 | 10.80 | 12.87 | 9.25 | 593 | 10.62 | 1256 | 6.79 | 6.84 | 6.49
5 8.95 | 11.72 | 1354 | 1359 | 866 | 11.72 | 1358 | 9.72 | 10.02 | 9.25
6 12,73 | 16.12 | 17.95 | 11.84 | 11.93 | 15.44 | 18.09 | 13.41 | 14.15 | 12.63
7 17.00 | 10.81 | 12.59 | 16.41 | 16.28 | 10.93 | 12.75 | 18.54 | 17.76 | 16.89
8 2355 | 7.74 | 841 | 1135 | 21.75 | 7.25 | 8.46 | 25.21 | 12.15 | 22.87
9 12.67 | 510 | 6.06 | 7.70 | 11.72 | 5.17 | 572 | 13.54 | 15.98 | 12.67
10 1723 | 338 | 393 | 504 | 1492 | 3.34 | 405 | 16.92 | 11.11 | 15.76
11 1143 | 236 | 258 | 3.33 | 10.11 | 2.26 | 2.78 | 11.52 | 6.97 | 10.94
12 708 | 155 | 167 | 219 | 6.60 | 150 | 1.81 | 780 | 454 | 7.51
13 482 | 095 | 113 | 1.37 | 452 | 1.00 | 1.10 | 493 | 3.04 | 453
14 296 | 063 | 068 | 085 | 257 | 058 | 0.71 | 3.07 | 1.85 | 2.85
15 170 | 0.37 | 044 | 055 | 155 | 037 | 0.44 | 180 | 1.19 | 1.83
16 099 | 021 | 0.23 | 0.30 | 0.88 | 0.21 | 0.23 | 1.08 | 0.64 | 0.98
17 047 | 010 | 0.12 | 024 | 047 | 020 | 011 | 055 | 0.31 | 0.48
18 0.19 | 004 | 005 | 0.06 | 0.16 | 0.04 | 0.04 | 0.20 | 0.13 | 0.19
EPERE | 754.57 | 923.55|895.27 | 876.50 | 777.23|930.55|895.17 | 738.50 | 792.57 | 762.07
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Figure 6. Unit hydrographs from 10 strings of first generation.
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Table 2. After replacement , unit hydrographs from 10 strings of first generation.

T;iﬁ 2 & & W
1 2 3 4 5 6 7 8 9 10
1 2.10 1.99 0.98 1.10 1.10 2.10 0.98 1.08 1.20 1.08
2 484 | 471 | 2.27 2.38 2.38 4.84 2.27 2.46 2.56 2.53
3 8.19 8.05 3.99 4.28 4.28 8.19 3.99 4.27 4.45 461
4 12.56 | 12.87 | 5.93 6.49 6.49 | 12.56 | 5.93 6.72 6.84 6.79
5 13.58 | 13.54 | 8.66 9.25 9.25 | 13.58 | 8.66 8.95 | 10.02 | 9.72
6 18.09 | 17.95 | 1193 | 1263 | 12.63 | 18.09 | 11.93 | 12.73 | 14.15 | 13.41
7 12.75 | 1259 | 16.28 | 16.89 | 16.89 | 12.75 | 16.28 | 17.00 | 17.76 | 18.54
8 8.46 841 | 21.75 | 2287 | 22.87 | 8.46 | 21.75 | 23.55 | 12.15 | 25.21
9 .72 6.06 | 11.72 | 12.67 | 12.67 | 5.72 | 11.72 | 12.67 | 15.98 | 13.54
10 4.05 3.93 | 1492 | 15.76 | 15.76 | 4.05 | 1492 | 17.23 | 11.11 | 16.92
11 2.78 258 | 10.11 | 1094 | 1094 | 2.78 | 10.11 | 1143 | 6.97 | 11.52
12 1.81 1.67 6.60 7.51 7.51 1.81 6.60 7.08 4.54 7.80
13 1.10 1.13 4,52 453 453 1.10 4.52 4.82 3.04 4,93
14 0.71 0.68 2.57 2.85 2.85 0.71 2.57 2.96 1.85 3.07
15 0.44 0.44 1.55 1.83 1.83 0.44 1.55 1.70 1.19 1.80
16 0.23 0.23 0.88 0.98 0.98 0.23 0.88 0.99 0.64 1.08
17 0.11 0.12 0.47 0.48 0.48 0.11 0.47 0.47 0.31 0.55
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18 0.04 | 005 | 016 | 019 | 0.19 | 0.04 | 0.16 | 0.19 | 0.13 | 0.20
% 3. ‘FJ?F",Q 10 f[ﬁ*ﬂ"f[&@\}z‘i%’z;{/i} LR L
Table 3. After crossover , unit hydrographs from 10 strings of first generation.
HIGE RSl F fH ﬁf} of
T
1 2 3 4 5 6 7 8 9 10
1 2.10 199 | 0.98 1.10 110 | 210 | 098 1.08 1.20 1.08
2 484 | 471 | 2.27 238 | 238 | 484 | 227 | 246 | 256 | 253
3 8.19 8.05 3.99 4.28 4.28 8.19 3.99 4.27 4.45 4.61
4 12.56 | 12.87 5.93 6.49 6.49 12.56 5.93 6.72 6.84 6.79
5 13.58 | 13.54 | 8.66 9.25 9.25 13.58 8.66 8.95 10.02 9.72
6 18.09 | 17.95 | 1193 | 12.63 | 12.63 | 18.09 | 11.93 | 12.73 | 14.15 | 1341
7 1295 | 12.39 | 16.28 | 16.89 | 16.89 | 12.75 | 16.28 | 17.00 | 17.76 | 18.54
8 8.43 8.43 21.75 | 22.87 | 22.87 846 | 21.75 | 2355 | 12.15 | 25.21
9 6.08 5.70 11.72 | 12.67 | 12.67 5.72 11.72 | 12.67 | 1598 | 13.54
10 3.94 4.04 1492 | 15.76 | 15.76 | 4.05 1492 | 17.23 | 11.11 | 16.92
11 2.59 2.77 10.11 | 10.94 | 1094 | 2.78 10.11 | 11.43 6.97 11.52
12 1.67 1.80 6.60 7.51 7.51 1.81 6.60 7.08 4.54 7.80
13 1.13 1.10 4.52 4.53 453 1.10 4.52 4.82 3.04 4.93
14 068 | 070 | 257 285 | 285 | 071 | 257 | 296 185 | 3.07
15 0.44 0.44 1.55 1.83 1.83 0.44 1.55 1.70 1.19 1.80
16 0.23 0.23 0.88 0.98 0.98 0.23 0.88 0.99 0.64 1.08
17 0.12 0.11 0.47 0.48 0.48 0.11 0.47 0.47 0.31 0.55
18 0.05 0.04 0.16 0.19 0.19 0.04 0.16 0.19 0.13 0.20
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Table 4. After mutation , unit hydrographs from 10 strings of first generation.

1 s oo om w
|
1 2 3 4 5 6 7 8 9 10

1 2.10 1.90 0.98 1.10 1.10 2.10 0.97 1.08 1.20 1.08
2 | 484 | 455 | 227 | 238 | 238 | 484 | 227 | 247 | 256 | 2.53
3 | 824 | 765 | 399 | 423 | 428 | 819 | 399 | 427 | 445 | 461
4 | 1256 | 1223 | 593 | 649 | 6.49 | 1256 | 593 | 672 | 684 | 6.62
5 13.58 | 12.90 | 8.68 9.25 9.25 | 13.58 | 8.66 8.95 | 10.02 | 9.73
6 18.09 | 17.11 | 11.93 | 1261 | 12,59 | 18.09 | 11.93 | 12.73 | 14.15 | 13.32
7 1295 | 11.81 | 16.28 | 16.89 | 16.89 | 12.75 | 16.28 | 17.00 | 17.76 | 18.54
8 8.43 8.04 | 21.75 | 22.87 | 22.87 | 8.46 | 21.75 | 23.55 | 12.15 | 25.13
9 6.08 544 | 1172 | 12.67 | 12.67 | 587 | 11.72 | 12.67 | 15.98 | 13.54
10 3.94 3.85 | 14.94 | 1597 | 1576 | 4.05 | 1492 | 17.23 | 11.10 | 16.92
1 2.59 2.65 | 10.11 | 1091 | 1101 | 278 | 10.07 | 11.15 | 6.97 | 11.52
12 1.67 1.72 6.60 7.51 7.51 1.81 6.60 7.08 454 7.80
13 113 1.04 452 4.53 4.53 1.10 4.52 4.82 3.06 491
14 | 070 | 067 | 257 | 285 | 285 | 071 | 256 | 296 | 185 | 3.7
15 0.44 0.42 1.63 1.83 1.83 0.44 1.55 1.70 1.19 1.80
16 | 023 | 022 | 087 | 095 | 098 | 023 | 088 | 099 | 0.62 | 108
17 0.12 0.11 0.47 0.48 0.48 0.11 0.47 0.47 0.31 0.55
18 0.05 0.04 0.16 0.19 0.19 0.04 0.16 0.19 0.13 0.20

JhTER | 873.03 | 904.86 | 745.73 | 721.54 | 762.22 | 894.41 | 747.48 | 754.84 | 792.66 | 738.78
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Table 5. Unit hydrographs from 10 strings of optimal generation.

1 s oo om w
|
1 2 3 4 5 6 7 8 9 10

1 111 1.99 1.04 1.22 1.08 1.06 2.08 1.12 1.08 1.89
2 2.53 4.59 251 2.67 2.61 2.29 4.79 2.45 2.47 4.55
3 | 438 | 783 | 426 | 458 | 441 | 407 | 812 | 436 | 428 | 7.60
4 | 689 | 1167 | 642 | 677 | 6.68 | 625 | 1222 | 658 | 6.72 | 12.23
5 9.17 9.68 9.45 | 10.15 | 9.89 8.91 8.66 9.68 8.95 9.25
6 13.05 | 1791 | 12,93 | 1447 | 13,59 | 1212 | 18.68 | 12.90 | 12.73 | 17.11
7 1731 | 12.42 | 18.00 | 1853 | 1792 | 16.36 | 12.88 | 17.51 | 17.00 | 11.81
8 2355 | 842 | 2440 | 22.83 | 22.38 | 21.74 | 8.78 | 24.98 | 23.55 | 7.88
9 5.44 5.38 6.06 | 15.80 | 15.80 | 5.87 5.99 0.00 5.44 5.44
10 16.53 | 3.95 | 16.43 | 10.60 | 16.37 | 16.08 | 4.06 | 17.72 | 16.39 | 3.85
11 1116 | 259 | 1119 | 7.24 | 11.22 | 1105 | 261 | 1146 | 11.15 | 252
12 7.31 1.63 7.75 4.80 7.23 7.19 1.71 7.95 7.12 1.72
13 5.00 1.10 477 3.24 4.65 4.59 117 4.88 4.82 1.04
14 | 283 | 068 | 298 | 1.84 | 292 | 284 | 066 | 306 | 296 | 067
15 1.73 0.39 1.75 1.12 1.87 1.76 0.40 1.79 1.70 0.42
16 | 097 | 023 | 105 | 063 | 098 | 092 | 023 | 107 | 099 | 022
17 0.52 0.11 0.52 0.32 0.50 0.45 0.12 0.54 0.47 0.11
18 0.18 0.04 0.19 0.12 0.19 0.17 0.04 0.20 0.18 0.04

JhTER | 724.83 | 875.53 | 714.50 | 662.10 | 670.49 | 742.96 | 869.70 | 744.12 | 728.68 | 881.50
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Figure 7. Optimal unit hydrograph.
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Figure 8. Comparison between simulated and observed runoff of Baoli typhoon.
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Table 6. Comparison between observed and simulated runoff of Baoli typhoon and Timu typhoon.

A W R o W

WO | RFR | EWE | TR | BRI | EWE | SEREM

(hr) i WA msec) M (m*/sec)| i I m¥/sec )| #E (i (m°/sec)

(mm) (mm)

1 4 87.8 90.21 1 94.0 90.00
2 5 88.6 90.89 1 95.6 90.00
3 5 87.8 92.14 1 95.6 90.00
4 1 87.0 93.71 2 95.6 90.00
5 5 88.6 95.31 0 102.0 90.00
6 4 91.9 97.31 8 105.2 90.61
7 3 92.7 98.89 6 90.0 91.70
8 12 92.7 102.26 4 102.8 93.22
9 3 95.2 102.28 6 94.4 95.39
10 0 91.0 104.96 4 99.2 98.49
11 0 95.4 107.64 30 101.9 105.88
12 2 97.1 102.87 17 114.0 116.03
13 0 91.5 109.86 5 124.0 128.50
14 3 88.5 103.63 6 167.0 137.55
15 4 87.3 99.45 4 181.0 148.05
16 3 86.2 96.69 3 178.0 163.36
17 11 90.2 96.63 3 165.0 177.46
18 20 92.2 101.22 2 152.0 192.73
19 7 94.2 107.69 6 142.0 179.66
20 7 105.0 118.57 2 133.0 156.71
21 8 114.0 125.99 1 134.0 139.90
22 16 127.0 134.96 4 127.0 125.74
23 10 145.0 152.92 1 125.0 115.73
24 17 165.0 152.94 2 125.0 108.86
25 0 176.2 155.11 16 124.0 106.38
26 7 197.0 153.75 19 131.0 108.43
27 224.0 161.11 2 131.0 109.27
28 249.0 150.09 4 133.0 112.69
29 229.0 150.90 3 124.0 119.28
30 217.0 131.94 1 131.0 128.72
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31 212.0 123.14 6 133.0 140.38

32 174.0 112.20 17 133.0 154.12
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Table 6. Comparison between observed and simulated runoff of Baoli typhoon and Timu typhoon.

33 127.0 104.68 2 131.0 154.45
34 98.4 99.55 1 127.0 139.87
35 90.2 96.04 110.0 131.45
36 80.9 93.85 107.0 128.11
37 80.9 92.25 104.0 128.84
38 80.9 91.37 125.0 131.11
39 83.5 90.72 118.0 131.58
40 88.2 90.36 118.0 118.23
41 98.4 90.15 115.0 108.61
42 105.0 90.05 114.0 102.34
43 101.0 90.02 115.0 97.95
44 107.0 95.12
45 112.0 92.92
46 104.0 91.75
47 101.0 90.98
48 97.6 90.48
49 97.6 90.16
50 104.0 90.00
51 104.0 90.00
300

250

£ 200 —— B

.@1 150 —a— M

77 100 nesetlyd 0 et

50 |
O.4‘“‘\w‘““‘iMwHHHHHHHHHHHHHHHH
I 7 13 19 25 31 37 43 49
1T )

408




I BFEP4 35(4) ¢ 393-410 (2003)

Journal of Soil and Water Conservation, 35(4) : 393-410 (2003)

qsﬂy 9. HEAEREE W BB Hgljﬂu@fhﬁﬁ[

Figure 9. Comparison between simulated and observed runoff of Timu typhoon.
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