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Abstract

In many studies, the Numeric Integration (NI) method has been widely used to calculate pollutant loads from the watershed
because it is easy to apply. However, there have been many needs for more accurate pollutant loads estimation method with
the restricted number of water quality samples. However, the ESTIMATOR model does not allow the users to define the

regression model to explain the measured flow and water quali

ty relationship, indicating the ESTIMATOR model is not

flexible. The LOADEST model allows the user to choose the model type from 11 predefined general forms of regression
equations. Annual loads of T-N and T-P with the LOADEST model were 0.70 times and 0.84 times of those by NI method,
respectively. The coefficient of determination (RZ) of the LOADEST regression for the T-N and T-P were 0.92 and 0.72,
respectively. Thisindicates that the load estimation regression model with the LOADEST for the study watershed explains the
relationship between the observed flow and water quality data well reasonably well. Based on these findings, we suggest that
the LOADEST model estimated regression equation could be used to estimate pollutant loads using the measured flow data for

the study watershed.
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(Cohn et a., 1989, 1992a; Shin et al., 20054). NI
R FEEN 5o Jder
g st=d 3% o)th(Haggard et al., 2003). Roman-Mas
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Fig. 1. Stream flow and representative water quality data for NI method (Shin et a., 2005b).
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Fig. 4. Flow and automatic water sampler installed at the outlet of Wolgok:
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Fig. 5. Constant T-N and T-P concentration values for each time interval used in NI method for pollutant load
estimation.
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Fig. 6. Constant T-N and T-P concentration values for time intervals during summer for pollutant load estimation.
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Teble 1. LOADEST regresson model equation - The header file

Model number Regression model
1 a + a InQ
2 a +a InQ + & InQ?
3 a + a InQ + a dtime
4 & + a InQ + & sin(2rdtime) + a cos(2mdtime)
5 a + a InQ + & InQ® + agdtime
6 a +a InQ + & InQ? + a sin(2ndtime) + a4 cos(2ndtime)
7 & + & InQ + & sin(2ndtime) + a; cos(2rdtime) + adtime
8 a + a InQ + & InQ® + a sin(2ndtime) + a, cos(2mdtime) + asdtime
9 a +a InQ + & InQ? + a sin(2ndtime) + a, cos(2ndtime) + asdtime + asdtime2
10 &t a per + & InQ + a InQ per
11 a + a per + & InQ + & InQ per + & InQ® + a InQ® per

In(Q) = In(streamflow)

- center of In(streamflow), dtime = decimal time -center of decimal time, per = period
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Table 2. Monthly flow weighted mean concentration (FWMC)

of the study watershed (Unit: mg/L)
Month FWMC of T-N FWMC of T-P
Jan. 2005 6.85 0.04
Feb. 2005 6.41 0.02
Mar. 2005 2.32 0.12
Apr. 2005 6.30 0.03
May. 2005 1541 0.06
Jun. 2005 5.65 0.07
Jul. 2005 22.29 0.62
Aug. 2005 6.90 0.24
Sep. 2005 2.90 0.23
Oct. 2005 3.19 0.07
Nov. 2005 451 0.04
Dec. 2005 6.80 0.03
Annual FWMC 1141 0.30

32. 2SS
3.2.1. NI 1
NI & o] g3ate] 20059 1€ 195§ 20059 12€ 31
A7kA] 38 §99 T-NF T-PY 98 ogHstet A%
LHREE AFstHTable 3). 7€ 489 T-N3 T-P
L d 0gRE 62.8%St 66.9%F W EA

HEEAT ol NI B dHoz gl AHH Rl

Table 4. Regression coefficient for loads of ESTIMATOR method

Table 3. Pollutant loads estimated NI method  (Unit: kg/ha)
NI method
Month

T-N T-P

Jan. 2005 1.04 0.005
Feb. 2005 0.86 0.003
Mar. 2005 121 0.064
Apr. 2005 3.96 0.019
May. 2005 13.44 0.060
Jun. 2005 461 0.054
Jul. 2005 92.90 2591
Aug. 2005 19.36 0.612
Sep. 2005 6.28 0.410
Oct. 2005 1.65 0.039
Nov. 2005 1.28 0.013
Dec. 2005 129 0.006
Annual total 147.88 3.876

3.2.2. ESTIMATOR =&

2HHIE 3] 98l ESTIMATOR Edg ©] 83
o g8 AAANY wAESE Tale 49 2t =3 4=
Z}59} ESTIMATOR Zdo] ols] 2388 o=x 9o Hlm
A3} T-N¢| ZAZ37A % (Coefficients of determination: R%)¢]
#2 0912 AFAEG AFAEINY FABA} w2 A
©2 yehd, ESTIMATOR 2dS o] &sle] 43
o o@RSE AHFsted 48T F AL
th T-PY 2% RV} 0712 Hoyd99 20z <l
Fol 7F 2 2 sE99 BAE Z HAPaA £
Aoz gordAThH

439 #99 20059 1€ 19FE 200549 12€ 31¥
A T-NZ T-PY €4 e d3tel Azt 2@ sk Table 5
o} Zo] Yelgth o] ¥ 7€9 T-NF T-PY 2d¥3e=
A QPR 41.8%9 39.6%=E LFEFRETE

3.2.3. LOADEST =&

LOADEST Ed& o|&3td €37 F99 T-NI T-P9
297 FEE PR tl(Table 6). A=259 LOADEST
mdo] o3 AFH JZAge] wmwAR T-Ne F¢ R
kol 0.922 =A U9, &F LOADEST Ed & o] &3}

422 fo9 FEFVOD TN LARITL APT £

Regression coefficient
Items
B B Ba Bs B4 Bs Bs
T-N 2.2538 1.0877 0.0341 0.3301 22.6902 0.7738 -2.2195
T-P -0.1455 1.0986 0.2060 -1.0059 -11.0758 -0.6369 0.3270

Q

In[Z]= [i+ﬁlln(%) +[121n(z)2 +ByIn[T— T+ B,In[ T— T + B,sin[27 7] + Bycos [2n 7] +e
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Table 5. Pollutant loads estimated ESTIMATOR model method Table 6. Pollutant loads estimated LOADEST model method

(Unit: kg/ha) (Unit: kg/ha)
ESTIMATOR model LOADEST model
Month Month
T-N T-P T-N T-P
Jan. 2005 0.95 0.008 Jan. 2005 0.69 0.006
Feb. 2005 0.53 0.012 Feb. 2005 0.74 0.006
Mar. 2005 2.25 0.033 Mar. 2005 2.40 0.015
Apr. 2005 474 0.078 Apr. 2005 434 0.039
May. 2005 8.64 0.118 May. 2005 6.59 0.059
Jun. 2005 8.45 0.109 Jun. 2005 531 0.051
Jul. 2005 43.52 1.288 Jul. 2005 27.92 0.595
Aug. 2005 19.69 0.945 Aug. 2005 14.18 0.406
Sep. 2005 8.24 0.553 Sep. 2005 6.63 0.258
Oct. 2005 1.99 0.097 Oct. 2005 1.60 0.050
Nov. 2005 161 0.010 Nov. 2005 0.76 0.012
Dec. 2005 3.58 0.001 Dec. 2005 0.77 0.006
Annual total 104.20 3.252 Annual Total 71.94 1.504
Table 7. Regression coefficients and coefficient of determination (RZ)
ltems Regression coefficient R
a b c e f g
T-N 3.1288 0.9650 0.1123 -0.3111 1.2299 0.2657 8.0208 0.92
T-P -0.7881 1.1096 0.207 0.3117 0.2424 -0.2401 -2.2455 0.72

T-N: Ln(L) = a + bLnQ + cLnQ? + dsin(2xT) + ecos(2xT) + fT + T’
T-P: Ln(L) = a + binQ + cInQ® + dsin(2ndtime) + ecos(2ndtime) + fdtime + gdtime?
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ecos(2nT) + T + ¢T* ©)

T-P: Ln(L) = a + binQ + cInQ® + dsin(2rdtime) +
ecos(2ndtime) + fdtime + gdtime® 4
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