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Application of Simple Regression Models for Pollutants Load Estimation
of Paddy to Yeongsan and Seomjin River Watersheds
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Abstract

Simple regression models for pollutants load estimation of paddy developed by the Ministry of En-
vironment in 1995 were tested with the data (T-N, T-P, CODwm,, and SS) collected from Yeongsan and
Seomjin river watersheds, and improvement measures were suggested. Overall, the simulated values showed
a great difference from the measured values except for T-P according to the statistical analyses (RMSE, root
mean square error; RMAE, root mean absolute error; RB, relative bias; EI, efficiency index). Such difference
was assumed due to the fact that the models use only hydrologic factors (quantity factor) associated with
precipitation and run-off as input parameters, but do not consider other factors which are likely to affect
pollutant concentration (quality factor) including days after fertilization. In addition, in terms of accessibility
of the models, some parameters in the models such as run-off depth and run-off amount which can not be
obtained from the weather database but should be collected by on-site measurements need to be replaced
with other variables.
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Table 1 Structure and input parameters of the mo-
dels for paddy developed by the Ministry of
Environment (MOE models)

Model

a
number Model structure

L=A+B(X1)+C(X2) +D(Xa) +E(X4)
+F(Xs) +G(Xe)

L=A+BIn(X;) +Cln(Xz) +DIn(X3) +EIn(X,)
+FIn(Xs) +GIn(Xe)

3 | L=AX)BXICX) DX E(Xs) F(X6) G

L =A+BIn{X1)+Cln(Xz) +DIn(X3) +Eln(X4)
+F(Xs) +G(Xs)

L=A+B(X1}+C(X2) +D(Xa) +E(Xo)
+FIn(Xs) +GIn(Xs)

°L, Pollutant load (kg/km?): X1 Rainfall (mm): Xa.
Duration of rainfall (hour): Xs Number of rainy days
(day): X4 Run-off depth (mm): Xs Rainfall intensity
(mm/hour): Xs, Mean hourly run-off (mm/hour): A~G,
Empirical coefficients

5
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Table 2 Determinants of the MOE models for paddy

Pollutants| Model 1 | Model 2 | Model 3 | Model 4 | Model 5
SN 051 0.32 0.80 0.44 0.30
BOD 041 0.50 067 050 049
COD 0.69 0.64 0.70 0.64 0.71
T-P 0.76 0,58 0.77 0.63 0.75
T-N 0.94 0.62 0.70 0.75 0.94

Table 3 Selected MOE models for each pollutant

Z)gltls_ nl\fr(r)?begr Model equation® R?
SS 3 |L=1505(X) " (X)) 0.80
BOD | 3 |L=1849(Xs)"®(X0)"®(Xs)*" | 067
COD | 3 |L=164(X)"(Xs)" 0.70
T-P | 3 |L=0348(Xy)"™ 0.77
T-N | 1 |L=-137(X))+10.05(X¢)+15.02 | 0.94

“Details of the input parameters are described in Table
1 footnote
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Table 4 Input parameters for the MOE models evaluation collected from Hakya site of Yeongsan river basin

in 2004
Storm event Day RainfallX (mm), | Run-off depth (mm), | Mean hourly run-off (mm h™),
1 X4 Xs

1 5/28~5/29 340 3,33 0.07
2 6/17~6/26 2120 12820 107
3 7/3~1/9 2120 7419 103
4 7/11 50 247 010
5 T/14~T/17 1485 74.10 154
6 8/4~8/6 U5 21.86 091
7 8/10 60 434 0.8
8 8/13 195 424 018
9 8/18~8/28 2615 184.74 385
10 9/10~9/15 1375 92.36 0.96
11 9/18~9/22 8150 67.91 2.83

Table 5 Input parameters for the MOE models evaluation collected from Hakya site of Yeongsan river basin

in 2005
Storm event Day Rainfall (mm), | Run-off depth (mm). | Mean hourly run-off (mm h™),
Xi X4 X
1 5/17~5/18 46.0 7.39 0.15
2 6/1~6/3 63.0 5852 1.22
3 6/10~6/11 440 26.70 111
4 06/28 16.0 712 0.10
5 7/1~1/5 69.0 3247 0.23
6 7/8~7/11 56.5 19.86 0.21
7 7/16 95 2.67 0.11
8 7/28~17/29 85 2.08 0.04
9 7/31~8/3 81.0 57.75 0.60
10 -8/7~8/9 130 4.05 0.06
11 8/11 1.0 1.26 0.05
12 8/17 30 352 0.15
13 8/19~8/25 110.0 109.64 457
4 9/20~9/23 710 4442 0.93
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Table 6 Input parameters for the MOE models evaluation collected from Jeoksung site of Seomjin river basin

in 2005
Storm event Day Rainfall (mm), | Run-off depth (mm), | Mean hourly run-off (mm h™),
Xi X4 Xs

1 06/11 446 278 12

2 6/26~7/6 193.0 1150 04

3 7/28~7/29 61.4 282 0.6

4 08/1~8/3 84.6 854 12

5 08/6~8/11 36.2 397 0.3

6 08/17~8/26 1104 201.9 038

7 08/30 14 49 0.2
T 2005 AE® ASE ol &3t & AN A7 ABHA A Abfe] dahd o] & A
HE AAF WEAE Agsglon, WEAY 4l T AH F 497 #4 FEe & 9% 1A
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Table 7 Pearson correlation coefficient between water
quality and days after transplantation and

fertilization
Parameters Days afte.r Days after fertilization
transplantation N P
T-N -0.79** -0.52* NA
T-P -0.57* NA -0.55*
COD -0.51* NA NA
SS -0.56* NA NA

*P (005 ** P {001, NA: Not applied
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T-N, SS, COD= & #olE YUepfdth(Figs. 1,
2, 3). T-N& ARt 2ejgte] A debd
omnl SS¢ CODE 1 w2 A&gug 34 2
o5k

RMSE, RMAE, RB, EIE o|&3l9 4&33 &
Azks vlmsle] BEAS e & A3, RMSEE
T-P9 729 10 kg event”' ©oJatgloyt T-N&
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event”', SSE 9000 kg event” ©]Aelitt
(Tables 8, 9, 10). RMAEE= T-N& 1 kg
event™ o}l T, YA 4 =L 0~1 kg
event”' ¥9 %ok webd, RMSESH RMAEZS
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Table 8 Statistical analyses for the evaluation of the

MOE models applied to Hakya site of Yeong-
san river basin in 2004

T-N T-P SS COD
RMSE 383.79 301 1703818 | 382.06
RMAE 1.36 0.10 0.1 040
RB 212 -0.09 -0.84 -0.66
El -593 0.85 -0.30 0.01

Table 9 Statistical analyses for the evaluation of the
MOE models applied to Hakya site of Yeong-

san river basin in 2005

T-N T-P SS COD
RMSE 288.58 451 9267.92 165.78
RMAE 2.89 045 0.79 0.72
RB 283 -0.24 -0.78 -0.72
El -29.99 0.46 -0.15 -0.08
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Table 10 Statistical analyses for the evaluation of
the MOE models applied to Jeokseong site
of Seomjin river basin in 2004

T-N T-P SS COD
RMSE 77412 8.73| 15632806 [ 547.14
RMAE 515 0.36 082 0.86
RB 5.06 -0.35 -0.59 -0.86
El -68.05 0.60 -0.76 -113
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