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Study of Selection of Regression Equation for Flow-conditions using Machine-learning Method:

Focusing on Nakdonggang Waterbody
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Abstract

This study is to determine the coefficients of regression equations and to select the optimal regression equation in the LOADEST model after classifying
the whole study period into 5 flow conditions for 16 watersheds located in the Nakdonggang waterbody. The optimized coefficients of regression
equations were derived using the gradient descent method as a learning method in Tensorflow which is the engine of machine-learning method. In South
Korea, the variability of streamflow is relatively high, and rainfall is concentrated in summer that can significantly affect the characteristic analysis of
pollutant loads. Thus, unlike the previous application of the LOADEST model (adjusting whole study period), the study period was classified into 5 flow
conditions to estimate the optimized coefficients and regression equations in the LOADEST model. As shown in the results, the equation #9 which has
7 coefficients related to flow and seasonal characteristics was selected for each flow condition in the study watersheds. When compared the simulated
load (SS) to observed load, the simulation showed a similar pattern to the observation for the high flow condition due to the flow parameters related to
precipitation directly. On the other hand, although the simulated load showed a similar pattern to observation in several watersheds, most of study
watersheds showed large differences for the low flow conditions. This is because the pollutant load during low flow conditions might be significantly
affected by baseflow or point-source pollutant load. Thus, based on the results of this study, it can be found that to estimate the continuous pollutant load
properly the regression equations need to be determined with proper coefficients based on various flow conditions in watersheds. Furthermore, the
machine-learning method can be useful to estimate the coefficients of regression equations in the LOADEST model.
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Fig. 1 Locations of streamflow and total suspended solid data in
Nakdonggang waterbody

Table 1 Max, and Min, suspended solid data for 16 stations in
Nakdonggang waterbody (mg/!)

Watersheds Min Max Watersheds Min Max

Gamcheon A 1.2 203 Milyang A 0.2 131

Geumcheon A | 0.2 504 Banbyeon A 0.1 79

Kumho A 0.9 260 | Byeongseong A | 0.8 356

Kilan A 0.1 209 Yeonggang A 0.3 283

Nakbon A 0.2 266 Yongjeon A 0.2 105

Namgang A 0.3 396 Wicheon A 0.2 505

Naeseong A 0.4 | 420 lan A 0.3 393

Micheon A 0.2 122 Hwanggang A 0.3 373
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Table 2 Mean flow amount for each flow condition in the study watersheds

Watersheds Hi* Mo* Mi* Lo* Dr* Watersheds Hi* Mo* Mi* Lo* Dr*
Gamcheon A 73.5 8.3 3.9 23 1.0 Milyang A 1041 8.4 a1 25 0.9
Geumcheon A 258 2.8 11 0.6 0.3 Banbyeon A 68.7 5.3 1.5 0.7 0.3

Kumho A 87.9 8.1 48 3.0 1.3 Byeongseong A 294 5.0 2.0 12 0.6
Kilan A 40.4 29 0.9 0.4 0.1 Yeonggang A 85.7 1.8 45 25 0.9

Nakbon A 30.4 49 2.2 1.4 0.8 Yongjeon A 349 3.0 0.8 0.4 0.2

Namgang A 125.8 19.8 9.9 58 27 Wicheon A 60.3 50 2.1 1.0 0.3
Naeseong A 93.4 1.9 52 3.3 1.4 lan A 19.2 2.6 1.0 0.5 0.2

Micheon A 27.8 2.1 0.6 0.3 0.1 Hwanggang A 857 8.3 3.77 2.2 1.0

*Hi, Mo, Mi, Lo, and Dr mean High, Moist, Mid, Low, and Dry flow conditions, respectively (unit: ms/s)
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Fig. 3 Flow duration curves for 16 watersheds
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Table 3 Selected regression equation and correlation coefficient for 16 watersheds using the LOADEST model

Watershed # Equation R Watershed # Equation R
Gamcheon A 6 0.82 Milyang A 9 0.89
Geumcheon A 3 0.82 Banbyeon A 6 0.92

Kumho A 9 0.83 Byeongseong A 9 0.87

Kilan A 8 0.92 Yeonggang A 6 0.83

Nakbon A 9 0.56 Yongjeon A 9 0.87

Namgang A 8 0.55 Wicheon A 9 0.77
Naeseong A 9 0.88 lan A 8 0.83

Micheon A 9 0.90 Hwanggang A 8 0.86
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Table 4 Coefficients of regression equation for flow duration conditions in the study watersheds
Watersheds | Cond. | ao a a2 as as as ae Watersheds |Cond.| ao a a2 as as as as
High | 12.892|-8.630| 5.150 | 0,098 | 0.494 | 0.007 | —0.014 High | 11.99 | -0.635 | 1.283 | —0.491 | —0.414 | 0.078 | —0.022
Moist | 8917 | 5,229 | -1.725| 0,173 | —0.259 | 0.001 | 0.002 Moist | 7.444 | —3132 | 2.246 | —0.137 | 0.480 | 0.039 |-0.007
Gamiheon Mid | 7.582 | -3.741| 2292 | 0323 | 0123 | 0.012 | 0,017 | Miyang A | Mid |6.580| 5379 | 3943 |-0249| 0301 | 0.010 | —0.011
Low | 5479 | 0.853 | 0.441 | 0.056 | 0.282 | —0.172 | —0.008 Low |4.966| 8.675 |-3556 | —0.495| 0.287 | 0.018 | -0.124
Dry | 6.811 | 4391 |-1.478| 0,088 | -0.027 | 0,022 | 0,031 Dry |5733| 8.600 | 3694 | -0512 | 0243 | 0,028 |-0.002
High | 11.496 | -3766| 2.888 | 0,367 | -0.225 | 0237 | 0.042 High |10.99| 7171 | —2721| 0,006 | 0.110 | 0.044 | 0.028
Moist | 7.352 | 3,722 | -1.148| 0221 | 0.853 | 0,038 | 0.006 Moist |6,890| 5,963 | —2.364 | 0,028 | 1.088 | 0,038 | 0,007
Ge“mACheO” Mid | 5799 | 0.586 | 0.825 | -0.923 | —0.153 | 0,040 | 0,008 Ba”t;yeon Mid | 5515 9709 | 4,349 | —0.424 | 1210 |-0.003|-0.002
Low | 5151 | 3.043 |-1.024| -0706 | 0.119 | —0.173 | -0.067 Low |3.073| 6581 |-2.550 | 0.499 |-0.856 | 0.076 | 0.064
Dry |5.227 | 1484 |-0.325) -0.083 | 0,828 | 0,070 | —0.011 Dry |4934|-5887 | 3356 | 1138 | 0547 | —0.041| —0.014
High | 11.668 | 1.621 | 0,090 | -0.417 | -0.238 | 0.113 | 0.002 High | 11.24 | 9549 |-3.885|-0.389| 0578 | 0.111 | 0.019
Moist | 8.069 | 9,557 |-4.049| -0.340 | 0.250 | 0.036 | 0.011 Moist |8.524| 4,834 | —1.408 | -0.342 | -0.284 | 0,078 | —0.013
K”Z'ho Mid | 7.453 | 6.888 |-2.349| —0.073 | 0152 | 0,034 | 0,009 Byeo”f\seong Mid |7.004| 2819 | —1.275 | -0.487 | 0121 | 0.015 | -0.022
Low | 5496 |-6,596| 3.822 | -0.407 | 0,007 | -0,066 | 0.021 Low |4.882|—2.403 | 1700 | -0.163 | 0.265 | -0.023| 0.001
Dry | 7.219 |-2.815| 2,005 | -0,153 | 0,012 | 0,006 |-0.038 Dry |5967| 1848 |—0.061|-0.023| 0.428 | 0.003 |-0,005
High | 10,307 0,425 1.073 | 0.229 | 0.150 | 0.058 |-0.025 High | 11.77 | 8.361 | -3.322 | ~0.482 | -0.282 | 0.068 | -0.001
Moist | 5.611 |-5587| 3.363 | —0.556 | 0.705 | 0.098 | 0,012 Moist | 8.242| —0.025 | 0.492 | 0.281 | 0.495 | 0,019 | 0,003
Kian A | Mid | 4313 | 5457 |-1980| 0524 | 0.887 | 0,072 | 0.016 Yeo”iga”g Mid |7.240| 1077 | 6534 | 0.395 | 0.680 | 0,021 | —0.024
Low | 2134 |-2.287| 1733 | 0.924 | 0.507 | -0.018 | 0.002 Low |4712 | —2.338 | 1687 | -0.847 | 0.254 | 0.066 | 0,009
Dry | 3557 | 6.875 |-2.833| 0,673 | 0,613 | 0,006 | 0,009 Dry |6.627|-4.727 | 2,694 | -0.816 | 0,090 | 0,020 |-0,006
High |10.267 |-2.292| 2,281 | 0,007 | 0157 | -0.057 | -0.005 High [10.73| 6.961 | —2.507 | 0.465 | 0.556 | 0.009 | 0,004
Moist | 6.743 | 3.834 | -1.025| 0,048 | 0.891 | -0.011 | 0,031 Moist | 6.325| 3,202 | —1.160 | ~0.527 | 0.149 | -0.028|—0.040
Nakbon ) Yongjeon )
N Mid | 6.099 |1.363| 1,390 | ~0.476 | 0,245 | —0.016 | —0,007 . Mid |5.127 | 0.043 | 0.344 | -0459 | 0610 | 0,004 | -0.024
Low | 4.288 |-9.704| 6.028 | 0.048 | -0.695 | 0.018 |-0.029 Low |3728| 2.320 | 0,519 | 0.480 | —0.666 | —0.019 | -0.073
Dry | 5581 |-2.575| 1.647 | —0.251 | 0.264 | —0.012 | -0.010 Dry |4.451| 3998 | -1.614 | 0.168 | 0.684 | 0.012 | -0.014
High | 12.591 |—2.568| 2,329 | -0.446 | 0.367 | 0.055 | 0.025 High | 1174 | -3.065 | 2.484 | -0.173 | 0186 | 0,046 | —0.011
Moist | 8.956 |-8,544| 5.008 | -0.548 | -0.183 | 0.037 |—0.008 Moist | 7.164 | 9.703 | —4.181 | —0.154 | 0.320 | -0.021| 0.001
Nam/fang Mid | 7.953 |-10.40| 5309 | -0.758 | ~0.271 | 0.020 | —0.012 Wi°:e°” Mid |6.179 | —5.048 | 3,000 [-0.590 | 0.077 | 0,049 | -0.004
Low | 6798 |-5.504| 2.983 | -0.755 | -0.599 | 0,065 | 0,002 Low |3247| 4377 | -1.705 | —0.116 | -0.316 | —0.090 | -0,030
Dry |7.440 |-3979| 2.368 | 0.188 | 0,951 | 0.010 | —0.016 Dry |5.236| 2.657 | 0768 | —0.383 | 0.243 | -0.056 | -0.003
High | 11.872 | 9.076 |-3.545| 0,333 | 0.831 | 0128 | 0,013 High [10.35| 3784 | —1.034 | 0529 | -0.252| 0.168 | 0.004
Moist | 9.628 | 1.062 | 0.441 | —0.453 | -0,044 | 0,015 |—-0,002 Moist |6.300| 9.409 | —-4.022| 0.432 | 0.788 | 0,030 | 0.047
Naeieong Mid |8.084 | 7711 |-2.892| 0306 | -0.327 | 0,003 | -0.012|  Ian A Mid |5.486| -1.966 | 1.632 | 1.047 | 0.458 | 0.051 | 0,003
Low | 6187 |-0.631] 0.853 | -0.121 | 0.271 | -0.023 | 0.025 Low |2.565|-0.143 | 0.278 | 1531 |-0.489| 0.426 | 0,026
Dry | 7.155 |-1.464| 1.608 | 0.108 |-0.279 | -0.046 | —0.011 Dry |4762| 3428 |-1.030 | -1.080 | 0,016 | 0023 |-0.005
High |10.938| —2.167 | 1.886 | 0.207 | 0.205 | 0.030 |-0.055 High |12.48| 2270 | —0.126 | -0.984 | 0.084 | 0,081 | 0.034
_ Moist | 6.839 | 2.474 |-0,738| —0.769 | —0,307 | —0.001 | —0,053 Moist | 8,109 | 6.485 | -2,559 | -0.344| 0,190 | 0.063 | 0.008
M'CTO” Mid | 5.610 | 7.480 |-3.232| —0.630 | 0.680 | 0,060 |—0.053 Hwa”/fga”g Mid |7.132 | -4.344 | 25527 | -0.588| 0.273 | 0.073 | —0.014
Low | 2.789 | 3760 | -1.259| —0.714 | -0.523 | —0.131 | —0.091 Low | 5117 | 0222 | 0538 | 1.008 | -0.274| 0,010 | 0,009
Dry | 4503 |7.903 |-3390| 0.863 | 0.123 | 0,064 |—0.039 Dry |6.520| 1969 |—-0.550 | —0.476 | 0.446 | 0113 |-0.006
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Table 5 Comparisons of simulated and observed SS load for each flow condition in the study watersheds

Watershed R NSE RMSE (kg) Watershed R NSE RMSE (kg)
High 0.83 0.83 0.60 High 0.84 0.84 0.80
Moist 0.44 0.44 0.74 Moist 0.47 0.46 0.61
Gamcheon A Mid 0.1 0.1 0.70 Milyang A Mid 0.31 0.31 0.58
Low 0.46 0.46 0.65 Low 0.34 0.34 0.60
Dry 0.17 0.17 0.7 Dry 0.36 0.35 0.53
High 0.65 0.65 1.08 High 0.90 0.90 0.51
Moist 0.38 0.37 0.95 Moist 0.48 0.48 0.75
Geumcheon A Mid 0.46 0.46 0.74 Banbyeon A Mid 0.34 0.34 0.80
Low 0.12 0.12 0.81 Low 0.31 0.30 0.93
Dry 0.13 0.13 0.97 Dry 0.42 0.42 0.86
High 0.88 0.88 0.63 High 0.64 0.64 0.77
Moist 0.33 0.33 0.60 Moist 0.55 0.55 0.80
Kumho A Mid 0.09 0.09 0.73 Byeongseong A Mid 0.1 0.11 0.77
Low 0.26 0.25 0.55 Low 0.23 0.22 0.49
Dry 0.16 0.16 0.65 Dry 0.41 0.41 055
High 0.88 0.88 0.62 High 0.57 0.57 0.97
Moist 0.47 0.47 0.74 Moist 0.31 0.31 0.84
Kilan A Mid 0.48 0.48 0.73 Yeonggang A Mid 0.31 0.31 0.7
Low 0.31 0.30 0.57 Low 0.7 0.70 0.57
Dry 0.43 0.43 0.79 Dry 0.18 0.17 0.73
High 0.87 0.87 0.57 High 0.79 0.78 0.83
Moist 0.56 0.56 0.73 Moist 0.28 0.27 0.82
Nakbon A Mid 0.33 0.33 0.51 Yongjeon A Mid 0.26 0.26 0.62
Low 0.28 0.26 0.51 Low 0.14 0.14 0.76
Dry 0.09 0.09 0.80 Dry 0.29 0.29 0.63
High 0.74 0.74 0.85 High 0.94 0.94 0.44
Moist 0.51 0.51 0.64 Moist 0.59 0.59 0.50
Namgang A Mid 0.32 0.31 0.62 Wicheon A Mid 0.31 0.30 0.53
Low 0.51 0.51 0.65 Low 0.69 0.69 0.69
Dry 0.34 0.34 0.66 Dry 0.33 0.33 0.57
High 0.83 0.83 0.61 High 0.51 0.51 0.98
Moist 0.63 0.63 0.66 Moist 0.38 0.38 0.98
Naeseong A Mid 0.20 0.20 0.67 lan A Mid 0.32 0.32 0.88
Low 0.23 0.22 0.53 Low 0.29 0.29 1.02
Dry 0.22 0.22 0.53 Dry 0.4 0.40 0.87
High 0.86 0.86 0.56 High 0.82 0.82 0.87
Moist 0.49 0.49 0.76 Moist 0.31 0.31 0.78
Micheon A Mid 0.20 0.19 0.78 Hwanggang A Mid 0.26 0.25 0.59
Low 0.51 0.51 0.77 Low 0.38 0.38 0.67
Dry 0.35 0.35 0.86 Dry 0.29 0.28 0.67
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