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Abstract

Due to climate change the sustainable water resources management of agricultural reservoirs, the largest number of reservoirs in Korea,
has become important. However, the DIROM, rainfall-runoftf model for calculating agricultural reservoir inflow, has used regression
equation developed in the 1980s. This study has optimized the parameters of the DIROM using the genetic algorithm (GA) based on
historical inflow data for some agricultural reservoirs that recently begun to observe inflow data. The result showed that the error
between the historical inflow and simulated inflow using the optimal parameters was decreased by about 80% compared with the annual
inflow with the existing parameters. The correlation coefficient and root mean square error with the historical inflow increased to 0.64
and decreased to 28.2 x 10° m?, respectively. As a result, if the DIROM uses the optimal parameters based on the historical inflow of
agricultural reservoirs, it will be possible to calculate the long-term reservoir inflow with high accuracy. This study will contribute to
future research using the historical inflow of agricultural reservoirs and improvement of the rainfall-runoff model parameters.
Furthermore, the reliable long-term inflow data will support for sustainable reservoir management and agricultural water supply.
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Fig. 1. Schematic diagram of DIROM
Table 1. Regressed equations of the DIROM parameter
TANK Parameters Description Regression equation

A Runoff coefficient -0.00414*padd + 0.169
A Runoff coefficient —-0.00175* forst + 0.333
Hi Discharge outlet height 5.00

TANK [ - -
Hiz Discharge outlet height 16.68*In (area) +24.2
B, Infiltration coefficient - 0.07*In (area) + 0.47
ST, Storage depth 0.00
As Runoff coefficient - 0.00657* uplan + 0.163
H Discharge outlet height exp (- 0.0934*uplan + 2.0904

TANK T 21 g .g p( ip )
B, Infiltration coefficient 0.00998*padd + 0.111
ST, Storage depth 0.00
Az Runoff coefficient -0.000267* uplan + 0.00912
Hs, Discharge outlet height 0.00

TABK II - -
Bs Infiltration coefficient -0.00618*In (area) + 0.0351
ST; Storage depth 43.686*In (area) + 37.159

*area : Area, uplan : Upland area ratio, padd : Paddy area ratio, forst : Forest area ratio



96 J. Hong et al. / Journal of Korea Water Resources Association 54(2) 93-104
Initial Population =¥ Fitness Evaluation == Selection
e —esssasa—— - ~q NO
. . . . Satisfaction
Diversification = New Population Optimization
Criteria
Optimum
Solution
Fig. 2. Flow chart of the genetic algorithm
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Table 3. Landuse and characteristics of the study reservoirs

Reservoir | Area (ha) Rate of Rate of Rate of
paddy (%) | upland (%) | forest (%)
Gomo 396 0.50 11.10 80.46
Mansu 378 11.55 17.10 25.85
Deokwoo 2,270 17.12 5.94 59.59
Giheung 5,297 8.17 5.70 48.88
Dowon 2,601 0.00 0.20 76.77
Jamgok 1,970 2.62 2.10 93.30
Jungsan 784 0.87 15.51 80.00
Daedeok 555 6.74 9.81 75.92
Gung 1244 5.40 7.78 83.10
Jeongan 661 8.09 12.45 72.49
Bangsan 689 7.76 4.68 82.16
Gungpyeong 4336 11.19 8.00 65.99
Oksan 1696 20.75 8.96 60.77
Daesan 455 15.09 2.14 76.09
Mireuk 626 10.88 3.33 72.23
Yongsan 921 5.27 1.99 85.07
Dachwa 1,843 18.83 5.75 62.82
Wolgok 540 5.73 3.34 78.83
Baegyong 2,708 7.22 7.90 79.28
Daebi 596 0.01 0.03 94.55
Gyeongcheon 9,152 4.78 7.21 83.35
Jillye 474 5.01 0.18 90.10
Deogam 471 7.09 0.79 87.11
Daega 1,954 20.11 5.11 64.80
Duryang 2,387 13.24 12.32 60.70
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Table 4. Range of the DIROM parameters

Bound Ay App Agy Az Hy, Hi, Hy, B, B, B; ST
Lower 0 0 0.03 0.005 5 5 0 0 0.01 0.005 10
Upper 0.5 0.5 0.1 0.1 60 60 50 0.5 0.1 0.1 400

Table 5. Initial values of the DIROM parameters

Reservoir An A Ay As Hy, Hi, H», B, B, Bs STs
Gomo 0.167 0.192 0.236 0.006 5.000 47.166 2.869 0.374 0.116 0.027 97.308
Mansu 0.121 0.288 0.275 0.005 5.000 46.367 1.638 0.377 0.226 0.027 95.215
Deokwoo 0.098 0.229 0.202 0.008 5.000 76.282 4.642 0.251 0.282 0.016 173.566
Giheung 0.135 0.248 0.201 0.008 5.000 90.415 4.748 0.192 0.193 0.011 210.580
Dowon 0.169 0.199 0.164 0.009 5.000 78.553 7.938 0.242 0.111 0.015 179.514
Jamgok 0.158 0.170 0.177 0.009 5.000 73.913 6.647 0.261 0.137 0.017 167.360
Jungsan 0.165 0.193 0.265 0.005 5.000 58.541 1.900 0.326 0.120 0.022 127.101
Daedeok 0.141 0.200 0.228 0.007 5.000 52.788 3.235 0.350 0.178 0.025 112.033
Gung 0.147 0.188 0.214 0.007 5.000 66.244 3912 0.294 0.165 0.020 147.274
Jeongan 0.136 0.206 0.245 0.006 5.000 55.704 2.529 0.338 0.192 0.023 119.671
Bangsan 0.137 0.189 0.194 0.008 5.000 56.394 5.223 0.335 0.189 0.023 121.477
Gung pyeong 0.123 0.218 0.216 0.007 5.000 87.077 3.833 0.206 0.223 0.012 201.837
Oksan 0.083 0.227 0.222 0.007 5.000 71.418 3.503 0.272 0.318 0.018 | 160.825
Daesan 0.107 0.200 0.177 0.009 5.000 49.455 6.623 0.364 0.262 0.026 | 103.302
Mireuk 0.124 0.207 0.185 0.008 5.000 54.795 5.928 0.342 0.220 0.024 | 117.289
Yongsan 0.147 0.184 0.176 0.009 5.000 61.235 6.716 0.315 0.164 0.021 134.155
Dachwa 0.091 0.223 0.201 0.008 5.000 72.802 4.727 0.266 0.299 0.017 | 164.450
Wolgok 0.145 0.195 0.185 0.008 5.000 52.328 5.920 0.352 0.168 0.025 | 110.827
Baeg yong 0.139 0.194 0.215 0.007 5.000 79.225 3.867 0.239 0.183 0.015 181.272
Daebi 0.169 0.168 0.163 0.009 5.000 53.982 8.063 0.345 0.111 0.024 | 115.160
Gyeong cheon | 0.149 0.187 0.210 0.007 5.000 99.536 4.125 0.154 0.159 0.007 | 234.469
Jillye 0.148 0.175 0.164 0.009 5.000 50.137 7.953 0.361 0.161 0.026 | 105.091
Deogam 0.140 0.181 0.168 0.009 5.000 50.056 7.515 0.362 0.182 0.026 | 104.876
Daega 0.086 0.220 0.197 0.008 5.000 73.782 5.019 0.262 0.312 0.017 | 167.017
Duryang 0.114 0.227 0.244 0.006 5.000 77.117 2.560 0.248 0.243 0.016 175.753
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Table 6. Optimal parameters of the DIROM
Reservoir An A Ay Az Hy, Hi, Hy; B, B, Bs ST;
Gomo 0.035 0.050 0.096 0.014 9.630 14.051 41.244 0.192 0.100 0.051 38.527
Mansu 0.066 0.035 0.091 0.009 5.283 13.461 31.444 0.195 0.087 0.049 112.116
Deokwoo 0.042 0.036 0.043 0.012 5.167 8.893 36.788 0.203 0.092 0.062 38.964
Giheung 0.039 0.023 0.048 0.014 34.263 59.853 0.010 0.319 0.086 0.088 17.805
Dowon 0.004 0.011 0.043 0.006 33.948 59.970 49.847 0.491 0.097 0.098 105.342
Jamgok 0.030 0.078 0.096 0.011 48.250 54.937 43.642 0.090 0.081 0.052 21.252
Jungsan 0.025 0.014 0.033 0.010 5.250 59.579 49.899 0.184 0.100 0.058 45.940
Daedeok 0.347 0.043 0.047 0.034 52.138 58.294 48.227 0.241 0.046 0.062 18.855
Gung 0.013 0.011 0.091 0.034 59.691 59.961 0.129 0.416 0.086 0.011 22.264
Jeongan 0.005 0.057 0.031 0.034 7.877 16.244 0.075 0.151 0.016 0.006 23.835
Bangsan 0.003 0.004 0.040 0.007 5.043 18.001 48.082 0.429 0.088 0.062 20.040
Gung pyeong 0.007 0.007 0.088 0.041 53.775 59.964 44.528 0.403 0.093 0.089 10.103
Oksan 0.002 0.011 0.056 0.016 56.959 59.910 49.716 0.481 0.099 0.057 27.373
Daesan 0.024 0.036 0.098 0.019 5.047 5.243 48.094 0.243 0.096 0.098 10.022
Mireuk 0.003 0.025 0.088 0.014 59.507 59.794 29.900 0.332 0.099 0.037 27.441
Yongsan 0.027 0.036 0.062 0.006 5.032 8.504 45.515 0.266 0.096 0.056 107.643
Daehwa 0.016 0.110 0.099 0.011 10.768 60.000 40.751 0.074 0.100 0.019 32.472
Wolgok 0.005 0.019 0.031 0.010 17.185 20.338 5.942 0.218 0.100 0.053 71.793
Baeg yong 0.046 0.010 0.038 0.006 5.359 5.546 40.918 0.289 0.094 0.097 87.405
Daebi 0.038 0.261 0.095 0.010 21.495 36.500 0.026 0.002 0.027 0.006 399.988
Gyeong cheon | 0.002 0.002 0.099 0.007 59.165 59.568 33.957 0.455 0.098 0.075 112.293
Jillye 0.059 0.064 0.037 0.006 35.930 51.990 12.933 0.129 0.097 0.056 28.047
Deogam 0.073 0.033 0.031 0.009 5.266 12.374 0.063 0.164 0.087 0.039 37.250
Daega 0.010 0.009 0.031 0.009 7.473 30.120 6.002 0.481 0.100 0.081 11.251
Duryang 0.036 0.019 0.040 0.007 5.045 14.403 49.993 0.217 0.086 0.075 33.568
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Fig. 5. Simulated inflow of Gyeongcheon reservoir
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Table 7. Comparison of total annual historical inflow and simulated

inflow

Historical | simulated inflow | simulated inflow
inflow |(Existing parameters) |(Optimal parameters)

Reservoir Total Total Error Total Error

inflow inflow rate inflow rate
10°m*) | (10°m’) | (%) | (10°m’) | (%)

Gomo 1,244.8 2,394.0| 923 1,302.8 4.7
Mansu 939.9 2,116.1 | 125.1 1,3324| 41.8
Deokwoo 4,091.9| 10,377.6 | 153.6 5,4943| 343
Giheung | 35,023.2| 39,105.9| 11.7| 22,176.1| 36.7
Dowon 6,920.6 | 39,047.2 | 464.2 9,473.4| 369
Jamgok 7,708.2 | 12,6752 | 64.4 7,048.7 8.6
Jungsan 2,216.0 4,830.0 | 118.0 1,449.3 | 34.6
Daedeok 1,947.7 2,320.7 | 19.2 1,424.1| 269
Gung 6,654.8 8,4542| 27.0 9,922.5| 49.1
Jeongan 7,029.4 4,546.9| 353 57152 | 18.7
Bangsan 1,543.2 3,828.5| 148.1 938.8| 39.2
Gungpyeong | 15,039.0 | 27,988.7 | 86.1 14,248.9 53
Oksan 5,046.3 8,530.5| 69.0 3,520.0 | 30.2
Daesan 1,889.8 3,006.6 | 59.1 1,855.4 1.8
Mireuk 1,553.7 3,000.4 | 93.1 1,855.8 | 19.4
Yongsan 5,123.2 7,470.6 | 45.8 3,2152| 372
Dachwa 59234 | 10,486.5| 77.0 8,210.9| 38.6
Wolgok 2,441.7 5,938.0 | 143.2 3,073.5| 259
Baegyong 5,482.7| 23,9259 | 336.4 7,181.8| 31.0
Daebi 3,723.5 4,585.8| 23.2 7,283.6 | 95.6
Gyeongcheon| 26,759.2 82,210.7 | 207.2 22,8142 | 14.7
Jillye 3,054.0 5,105.8| 67.2 3,055.3 0.0
Deogam 1,420.7 3,724.2 | 162.1 3,300.3 | 132.3
Daega 8,264.4 | 18,2519 120.8 8,019.3 3.0
Duryang 8,905.4 | 25,386.4| 185.1 10,0942 | 133
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Table 8. Comparison of correlation coefficient and root mean square

error
Reservoir Existing parameters Optimal parameters
CcC RMSE CC RMSE
Gomo 0.71 12.69 0.85 439
Mansu 0.63 10.08 0.70 4.64
Deokwoo 0.80 39.51 0.81 15.91
Giheung 0.33 203.50 0.43 153.38
Dowon 0.48 189.42 0.42 5533
Jamgok 0.78 52.28 0.90 25.82
Jungsan 0.41 26.68 0.50 9.50
Daedeok 0.31 11.08 0.61 5.24
Gung 0.54 31.88 0.73 19.24
Jeongan 0.56 19.17 0.74 10.39
Bangsan 0.46 21.73 0.59 5.44
Gungpyeong 0.64 110.55 0.88 28.24
Oksan 0.35 37.61 0.44 18.64
Daesan 0.42 15.99 0.53 11.31
Mireuk 0.55 12.69 0.88 3.28
Yongsan 0.57 33.42 0.61 22.18
Daehwa 0.63 35.39 0.69 22.32
Wolgok 0.34 32.15 0.47 10.24
Baegyong 0.60 101.31 0.57 34.29
Daebi 0.51 28.91 0.57 33.49
Gyeongcheon 0.68 273.13 0.82 92.80
Jillye 0.59 28.02 0.69 18.05
Deogam 0.32 26.19 0.38 15.44
Daega 0.36 113.17 0.42 51.43
Duryang 0.68 121.85 0.72 34.79
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