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ABSTRACT: For water quality management, it is necessary to continuously improve the forecasting by analyzing the past
water quality, and a Data-driven model is emerging as an alternative. Because the Data-driven model is built based on a wide
range of data, it is essential to apply the correlation analysis method for the combination of input variables to obtain more
reliable results. In this study, the Gamma Test was applied as a preceding step to build a faster and more accurate data-driven
water quality prediction model. First, a physical-based model (HSPF, EFDC) was operated to produce daily water quality
reflecting the complexity of the watershed according to various hydrological conditions for Paldang Dam. The Gamma Test
was performed on the water quality at the water quality prediction site (Paldangdam2) and major rivers flowing into the
Paldang Dam, and the method of selecting the optimal input data combination was presented through the analysis results
(Gamma, Gradient, Standar Error, V-Ratio). As a result of the study, the selection criteria for a more efficient combination of
input data that can save time by omitting trial and error when building a data-driven model are presented.
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Fig. 1. Map showing the study area in Pandang Dam,
Korea.
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Fig. 2. Simulation interval of EFDC model and inflow
boundary point of HSPF model.
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model.
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Table 1. The General calibration/validation target or tole-
rance for HSPF application (Donigian 2000)

Criteria |Very good| Good Fair Poor

R? >08 |08-07|07-06| <06

Table 2. The % difference value range for Model perfor-
mance (Donigian 2000)

Constituent Very good Good Fair
Hydrology / Flow <10 10 - 15 15 - 25
Water Quality <15 15 - 25 25 - 35

S AX8H. 0. % difference, RMSE (Root Mean
Square Error) & A to] TEgke] ot 424 1A 1l
He 2ol A74/d& B7rskelet

Z‘Ar (P7_01)2

i=1

N

P; : predicted values, O; : observed values

RMSE= (Eq. 1)
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3= Ao|t} (Lee 2013). EA 7|7 52 A3zt o

2 HSPF, EFDC 28 9] 10| A7}7} B27ka) 2|3t

THER slon] HFS FATORH WYY

o 93 Y v E e ek A Eslc
é ol

™7 HSPF L& o] A 9-gFo] 1. AZ7\7ke 7t
7+2015 - 2018, 2011 - 20149 0.2 4714 2|45}

o] R%, %difference 4+-2 AH4 8191 0.1, Table 30| 4] K.
L o} 0] 107]] 59240 B Very good ©
2 1 HOR|7}ASA E ol - 2 urgel= F 0

LheptE 7 A1) A gto] o B gpuct ot
2] mojelo] A 247]0] §aRE wek 2 AfRehe
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Table 3. The HSPF model statistical performance mea-
sures evaluated based on daily flows at the monitoring
stations for calibration and validation periods

Calibration Validation
Site (2015 - 2(?18) (2011 - 2:)14)
R E R k
Difference Difference

Munmakgyo 0.78 | 10.05 0.81 11.73

Wonbugyo 0.82 5.74 0.78 12.51

Yeojudaegyo 0.83 6.92 0.96 9.94

Heungcheondaegyo | 0.81 7.03 0.94 11.39

Heukcheongyo 0.86 9.48 0.82 10.83

Yangpyeonggyo | 0.89 9.29 0.94 8.94

Gapyeonggyo 0.91 4.02 0.84 0.74

Cheongpyeonggyo | 0.92 6.57 0.90 4.59

Gyeongangyo 0.89 7.77 0.94 5.25

Paldangdaegyo 0.94 6.67 0.93 9.81

Table 4. The Water level efficiency evaluation of EFDC
model for calibration and validation periods

Calibration Validation
Site (2015 - 2018) (2011 - 2014)
mean | mean [, ~..| mean|mean |, .
oBs | sim | P ops | sim | % Diff
Paldangdam | 25.13 | 25.12| 0.26 | 25.16|25.16 | 0.26
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Slol el 124 2 A5 Ak Bk melgke) 7
t, %difference4f-& A4 21 © 2 Very good & 2 3
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ST

31224

HSPF 0] 522 B4& 9I3] 48, DOS B AT

% BOD, TOC, T-N, T-P, Chl-a¢]| tj3}o] Asid 7=
H718k0] BAS okl 0 v (Lee 2013), 3 A7
A= Gamma Test 232 ¢35 118]3F BOD, TOC,
T-P, Chl-a 572 AA|5}{T] Table Sof| 4] A|AIgt
e} o] B} A5 A3t B % difference gho] o
HE 15 o]st2 A E o “Very Good” .2 H7IE]
. ol A5 k0] 2w 00] 717he 31 e
=RMSE®] 7% 0.02 - 35.239] ®H| 2 A=)

Table 5. The Water quality calibration and validation results of HSPF and EFDC models

Water-shed yVQ Calibration results (2015 - 2018) Validation results (2011 - 2014)

item | meanOBS | meanSIM | %diff RMSE | meanOBS | meanSIM | %diff RMSE

BOD 0.9 0.9 267 017 0.8 08 0.28 0.16

ga':]Z”D TOC 22 2.1 1.34 0.30 19 19 0.25 0.41
(HSPF) TP 0.033 0029 | 10.71 0.01 0.033 0.031 367 0.03
Chl-a 5.452 5.467 0.27 1.02 5253 4.930 6.55 1.66

BOD 15 1.4 8.62 076 1.7 16 248 0.81

gf:é“B TOC 31 3.1 0.65 0.75 28 27 448 219
(HSPF) TP 0.053 0.052 216 0.02 0.108 0.103 5.00 0.06
Chl-a | 13714 | 14.280 412 4.01 11.800 | 11.452 295 7.44

BOD 35 29 16.37 315 25 26 9.00 282

Cpnfo/:‘g TOC 44 48 10.40 157 38 40 462 230
(HSPF) TP 0.134 0113 | 15.18 0.08 0.121 0114 526 0.05
Chl-a | 46785 | 42.858 8.39 35.23 18552 | 19.590 5.90 10.68

BOD 20 1.8 8.98 0.72 21 20 8.0 127

h\ﬁa”% TOC 3.9 36 7.50 0.94 40 33 17.77 2.33
(HSPF) TP 0.192 0148 | 20.75 0.18 0.183 0160 | 12.91 0.09
Chl-a | 12228 | 11.988 1.97 248 10.312 8881 | 19.69 6.31

BOD 44 45 1.16 1.47 30 32 550 1.26

B“gha ToC 4.4 4.4 011 0.47 39 38 2.09 2.31
(HSPF) TP 0.168 0150 | 10.80 0.08 0.166 0148 | 10.75 0.06
Chl-a | 21.008 | 18586 | 11.53 13.87 8.304 8.775 567 3.02

BOD 23 09 14.59 0.70 12 1.0 14.07 0.74

Chii‘:]k A |TOC 35 1.9 7.97 0.55 1.9 1.9 230 0.38
(HSPF) TP 0.063 0030 | 10.19 0.01 0.034 0.034 1.82 0.02
Chl-a | 29.636 5.569 0.18 526 6.098 4915 9.39 3.95

BOD 23 20 11.39 1.16 26 25 361 0.71

Ggr‘?o;g TOC 35 34 4.22 0.90 36 34 6.11 0.90
(HSPF) TP 0.063 0045 | 1825 0.04 0.0749| 0065 | 17.95 0.03
Chl-a | 29.636 | 24010 | 18.98 24.90 22363 | 19.731 | 11.77 14.90

BOD 1.0 1.0 4.67 035 1.0 1.0 3.45 0.25

H‘;‘:“D TOC 21 20 559 045 1.9 1.8 503 0.56
(HSPF) TP 0.015 0.016 7.01 0.01 0.021 0019 | 1077 0.02
Chl-a 7574 6.940 8.37 248 7.666 7.150 6.73 414

BOD 09 08 19.25 0.44 1.0 09 7.10 0.51

Jojong A |_TOC 1.9 17 7.23 035 1.74 1.6 527 0.69
(HSPF) TP 0.026 0018 | 29.42 0.02 0.028 0022 | 10.41 0.02
Chi-a 4.293 3767 | 12.26 1.87 5.008 4337 | 1340 295

BOD 1.4 1.3 3.9 048 1.3 1.1 15.16 057

Pg'darz‘ TOC 24 23 052 0.44 23 21 6.57 076
(gEFaE')“C) TP 0.026 0.026 1.20 0.01 0.035 0030 | 1270 0.03
Chl-a | 12714 9858 | 14.46 588 14424 | 11996 | 14.83 6.64
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Table 6. The calibration and Validation Results of HSPF model in Hangang-D (NamHangang)

Calibration results (2015 - 2018)

Validation results (2011 - 2014)

—Simulated O Observed

OOoOw
BOD(mg/L)
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=

Q
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Table 7. The calibration and Validation Results of EFDC model in Paldang Dam — 2

Calibration results (2015 - 2018)

Validation results (2011 - 2014)

—— Simulated O Observed

OOow
BOD (mg/L)

— Simulated O Observed

BOD (mg/L)

T T T T
J-11 J-11 J-12 J12 D-12 J13 D-13 J-14 D-14

—— Simulated O Observed

OodH

— Simulated O Observed

— Simulated O Observed
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Fig. 4. Flowchart for the Application of Gamma Test.
Table 8. The gamma test results to derive the input variable combination for BOD
Except River Gamma Gradient Standard Error V-Ratio zslrﬁg:ir?z:tic?r:
Sum river 0.013059 0.018835 0.005882 0.052237 o
Cheongmi river 0.011939 0.014942 0.003154 0.047757 o
Heck river 0.012842 0.015249 0.004110 0.051368 o
Bukhan river 0.008517 0.019977 0.003838 0.034070 o
Namhan river 0.003927 0.020346 0.003253 0.015707 -
Yanghwa river 0.002057 0.019614 0.002236 0.008229 -
Bokha river 0.006438 0.017395 0.002915 0.025750 -
Gyeongan river 0.007967 0.016834 0.003337 0.031867 -
Jojong river 0.006400 0.017111 0.003402 0.025602 -
Considered all rivers 0.008163 0.014786 0.003551 0.032652
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Table 9. The gamma test results to derive the input variable combination for TOC

33

Except River Gamma Gradient Standard Error V-Ratio ig:ﬁg:i:aqig;
Namhan river 0.017451 0.01539%4 0.002623 0.069803 (¢}
Sum river 0.018379 0.017108 0.002903 0.073515 (e}
Cheongmi river 0.015360 0.014885 0.002732 0.061441 o
Heck river 0.021490 0.013224 0.004254 0.085960 o
Gyeongan river 0.016661 0.014477 0.003899 0.066645 o
Bukhan river 0.021403 0.015439 0.004600 0.085613 o
Jojong river 0.015753 0.014658 0.003868 0.063013 (e}
Yanghwa river 0.012567 0.016115 0.002921 0.050269 -
Bokha river 0.008611 0.016971 0.004239 0.034445 -
Considered all rivers 0.012819 0.013927 0.003933 0.051277
Table 10. The gamma test results to derive the input variable combination for T-P
Except River Gamma Gradient Standard Error V-Ratio sglrﬁgi:anti(?;
Heck river 0.023798 0.006581 0.003716 0.095193 (¢}
Gyeongan river 0.021062 0.007258 0.002986 0.084246 (¢}
Bukhan river 0.021683 0.008428 0.002060 0.086730 (e}
Namhan river 0.010426 0.011722 0.002499 0.041705 -
Sum river 0.019251 0.010854 0.002264 0.077003 -
Cheongmi river 0.017406 0.008742 0.002710 0.069622 -
Yanghwa river 0.014449 0.009860 0.001491 0.057797 -
Bokha river 0.013963 0.010049 0.003338 0.055850 -
Jojong river 0.015351 0.009320 0.004021 0.061405 -
Considered all rivers 0.019741 0.006931 0.003163 0.078965
Table 11. The gamma test results to derive the input variable combination for Chl-a
Except River Gamma Gradient Standard Error V-Ratio zg:ﬁgﬁ?;i;:
Namhan river -0.014298 0.022509 0.004178 -0.057193 o
Cheongmi river -0.012170 0.019897 0.003807 -0.048680 o
Bukhan river -0.013756 0.021848 0.003441 -0.055025 (e}
Jojong river -0.013271 0.020326 0.004577 -0.053083 (e}
Sum river -0.007803 0.021972 0.006141 -0.031212 -
Yanghwa river -0.002884 0.017988 0.003419 -0.011537 -
Bokha river -0.008345 0.018870 0.004165 -0.033380 -
Heck river -0.006458 0.017875 0.004555 -0.025834 -
Gyeongan river -0.003850 0.017476 0.004701 -0.015399 -
Considered all rivers -0.009145 0.016943 0.004836 -0.036580
AR 3ko] 4221 7] )7} AL Q120] 91X|3k A 6] z =
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