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Abstract

The objective of this study was to estimate LOADEST (LOAD Estimator) coefficients for simulating pollutant loads in ungauged
watersheds. Regression models of LOADEST were used to simulate pollutant loads, and the multiple linear regression (MLR) was used
for coefficients estimation on watershed characteristics. The fifth and third model of LOADEST were selected to simulate T-N
(Total-Nitrogen) and T-P (Total-Phosphorous) loads, respectively. The results and statistics indicated that regression models based on
LOADEST simulated pollutant loads reasonably and model coefficients were reliable. However, the results also indicated that
LOADEST underestimated pollutant loads and had a bias. For this reason, simulated loads were corrected the bias by a quantile mapping
method in this study. Corrected loads indicated that the bias correction was effective. Using multiple regression analysis, a coefficient
estimation methods according to the watershed characteristic were developed. Coefficients which calculated by MLR were used in
models. The simulated result and statistics indicated that MLR estimated the model coefficients reasonably. Regression models
developed in this study would help simulate pollutant loads for ungauged watersheds and be a screen model for policy decision.
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Fig. 1. Schematic diagram of this study

Table 1. Regression equation of the LOADEST model (Runkel et a/., 2004)
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Table 2. Performance ratings for based on the statistics of monthly data (Moriasi et a/, 2007)

Performance rating RSR NSE PBIAS (%)
Very good 0.00 < RSR < 0.50 0.75 < NSE < 1.00 PBIAS <£+10
Good 0.50 < RSR < 0.60 0.65 < NSE < 0.75 +10 < PBIAS <% 15
Satisfactory 0.60 < RSR < 0.70 0.50 < NSE < 0.65 +15 < PBIAS <+ 25
Unsatisfactory RSR>0.70 NSE < 0.50 PBIAS > 25
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Table 3. Correlation between the watershed characteristics and T-N model coefficients

Model coefficients log (FL) log (Im) log (A) Model coefficients log (P) log (Im)
g 0.758 0.254 0.758 O -0.092 0.528

Model coefficients log (Im) log (P) Model coefficients Im log (U)
a -0.706 -0.074 a -0.473 -0.290

A: Watershed area (km?), FL: Flow length (km), P: Percentage of paddy field area (%), U: Percentage of upland area (%), F: Percentage of forest
area (%), Im: Percentage of impervious area (%)

Table 4. T-N model coefficients regression considering watershed characteristics

Model coefficients Regression equation R R’ Adjusted R*| Durbin-Watson
a 1.99340.575log(FL) +1.766log(Zm) +1.556log(A) 0.839 0.704 0.696 1.255
a 0.983 — 0.348log(m) +0.094log(P) 0.753 0.567 0.559 1.295
a 0.018 — 0.037log(P) + 0.084log(/im) 0.638 0.407 0.397 1.285
a3 0.033 —0.004 < Zm—0.034log(U) 0.511 0.261 0.247 0.863

A: Watershed area (km?), FL: Flow length (km), P: Percentage of paddy field area (%), U: Percentage of upland area (%), Im: Percentage of

impervious area (%)

Table 5. Statistical result of T-N multiple linear regression

Model coefficients Regres'sion 95% confidence interval Signiﬁc'a r’1ce Condition number VIF
coefficients Lower bound Upper bound probability

constant 1.160 2.825 .000 1.000
log (FL) -.702 1.852 374 2.954 10.552
ao log (Im) 1.264 2.269 .000 11.618 1.022
log (A) 779 2.332 .000 40.935 10.513

constant 941 1.025 .000 1.000
a log (Im) -.405 -.291 .000 3.017 1.236
log (P) .049 138 .000 5.901 1.236

constant .004 .032 .014 1.000
a log (P) -.052 -.022 .000 3.017 1.236
log (Im) .065 103 .000 5.901 1.236

constant .009 .057 .009 1.000
a3 Im -.006 -.003 .000 2.675 1.050
log (U) -.062 -.005 .020 11.546 1.050

A: Watershed area (km?), FL: Flow length (km), P: Percentage of paddy field area (%), U: Percentage of upland area (%), Im: Percentage of

impervious area (%)
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Table 6. Correlation between the watershed characteristics and T-P model coefficients

Model coefficients FL log (Im) log (A) Model coefficients log (Im) U log (P)
a 0.688 0.473 0.654 O -0.613 0.093 -0.067
Model coefficients log (Im) log (A) Im
a -0.681 -0.102 -0.675

A: Watershed area (km?), FL: Flow length (km), P: Percentage of paddy field area (%), U: Percentage of upland area (%), F: Percentage of forest
area (%), Im: Percentage of impervious area (%)

Table 7. T-P model coefficients regression considering watershed characteristics

Model coefficients Regression equation R R’ Adjusted R*| Durbin-Watson
ay —0.973+0.004FL+ 3.113log(Zm) +1.344log(A) 0.875 0.766 0.760 1.432
a 1.045—0.517log(Zm) +0.022 U+ 0.092l0g () 0.712 0.507 0.494 1.550
a 0.071 —0.069log(Zm) —0.02910g(A4) —0.0117m 0.750 0.562 0.550 1.932

A: Watershed area (km?), FL: Flow length (km), P: Percentage of paddy field area (%), U: Percentage of upland area (%), Im: Percentage of

impervious area (%)

Table 8. Statistical result of T-P multiple linear regression

Model coefficients Regres.sion 9% confidence interval signiﬁc?rllce Condition number VIF
coefficients Lower bound Upper bound probability
constant -2.325 379 157 1.000
FL .001 .006 .003 2.532 4.092
a log (Im) .831 1.858 .000 3.609 4.164
log (A) 2.577 3.649 .000 22.767 1.057
constant 955 1.136 .000 1.000
log (Im) -.615 -.420 .000 3.370 1.312
. U .012 .032 .000 6.107 1.183
log (P) .017 167 .017 7.899 1.289
constant .025 118 .003 1.000
log (Im) -.122 -.017 011 2.456 3.612
® log (A) -.043 -014 .000 6.741 1.096
Im -.017 -.006 .000 13.043 3.791

A: Watershed area (km?), FL: Flow length (km), P: Percentage of paddy field area (%), U: Percentage of upland area (%), Im: Percentage of

impervious area (%)
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Table 9. T-N model coefficients and statistics by LOADEST and MLR
Model Watershed A a a a R? NSE RSR PBIAS
Gapyeong A 6.9603 0.9999 -0.0042 0.0082 0.92 0.92 0.28 12.65
Hangang A 9.7135 1.0077 0.0202 -0.0040 0.93 0.83 0.42 9.20
LOADEST
Naeseong B 8.8744 0.9637 0.0076 0.0062 0.97 0.97 0.18 9.55
Bocheong A 6.7831 1.0605 0.0052 -0.0310 0.97 0.96 0.20 19.59
Gapyeong A 6.8268 1.0267 0.0017 0.0127 0.94 0.95 0.22 9.57
MLR Hangang A 8.7530 1.0437 -0.0012 -0.0016 0.93 0.59 0.64 -56.85
Naeseong B 8.5225 0.9728 0.0037 -0.0113 0.97 0.86 0.37 -20.98
Bocheong A 7.3856 1.0188 -0.0082 -0.0073 0.94 0.71 0.54 88.71
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Fig. 7. Scatter plots of the observed T-N pollutant loads against the simulated by MLR
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Table 10. T-P model coefficients and statistics by LOADEST and MLR
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Model Watershed ay a R? NSE RSR PBIAS
Gapyeong A 2.0674 1.0619 0.0162 0.77 0.70 0.54 -27.36
Hangang A 5.0249 1.3828 -0.0353 0.93 0.89 0.33 -6.74
LOADEST
Naeseong B 5.2748 1.3503 -0.0246 0.69 0.55 0.67 27.67
Bocheong A 2.6868 1.4693 -0.0655 0.90 0.82 0.42 -14.46
Gapyeong A 2.4764 1.1576 -0.0104 0.76 0.87 0.36 38.00
MLR Hangang A 4.4950 1.3045 -0.0386 0.93 0.54 0.68 -51.06
Naeseong B 4.8039 1.2158 -0.0695 0.64 0.56 0.66 -34.64
Bocheong A 3.4068 1.2530 -0.0391 0.88 0.78 0.47 4.54
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Fig. 8. Scatter plots of the observed T-P pollutant loads against the simulated by MLR



162

R oA} LOADESTS] 54124 HEke R?0.69~0.93, NSE

0.55~0.89, RSR 0.33~0.67, PBIAS -27.36~27.67 & L}eFst
oul, dEIARY ZHaee] FAY wFe R

0.64~0.93, NSE 0.54~0.87,

RSR 0.36~0.68, PBIAS

-51.06~38.00.2.2 YEFY}, LOADEST 2 &2 o]-85fe] 4

3 57 s
Upepdeh T-Nol W8 2ole] Fat 7} "ol A A
EhoLt, s1914l] 2J3t molA] &

7t AZ2] 0 B 77k ROl E S AR
4021}

FAEAE A

Ao Vet

)

2)

3)

4

o o QRN S flef 4

7“——-_]2 x:l”c’)‘ i 1%%]54 7’)‘ o

o] =

= = —
%#%%éﬁﬂﬂvﬂﬂﬂﬂiﬂﬁﬂﬂﬁﬂﬂﬁ
W, §2AY 5 A5 AR 02 FAZ G o)
G FAES TSI, T, ALY PES AR

A z3)0] AgES 7} & uredst 3] PRE o8 T-NS
LOADEST®] 5§ 3|72, T-P= 31 ﬂﬁq—“ﬁ‘” e
= Uehtth frod = AuE s n g o iz S
Z5}1, @ GRS nolstgith. RO AT T-N, T-P &
A1 o] &”é@ 9= bt LOADEST 7]RF
O] 2] A L F v A7 A S E A REgsto] Bojdt
2= 9l A o 2 e}
Jeu T B BT o Grslefo] w4 Bo|F o] A=
o WO Agsh= A 0 2 Ueht EOAMIH-E 085
o] K25 WolR A sttt WoR 7 AT} R? NSE,
RSR-Z & 317} LELEA] gIgt oL, PBIASE Th2e
G0l A Z7}sto], HolH Aol o]s) 1o)2| 7} AR o]

wis o] tha ARl 202 et
OIS} o HLO] TR S| S A St )
s =2 g;qmg st o, AdtE 3] AAlS A
8310] 0 ARG wostot. Lol AR G g

Aokl S 81 4240] o1 =8 5171e] o
F740] 28715 & 08 et

R S 5999 LOADESTE: 0|81
RIS o AR B4 284S AESA

K. Kim et al. / Journal of Korea Water Resources Association 51(2) 151-163

of
4L oo
N
o
o o

ot
—-
ot
ok

lo
[
oo
o
I
Py
9
N
olr
ok
>}L
{ o
it
=
o,
L
N

5 =<

= o],
J H7H ‘?*;4011 ol5)] L ol= Zht G AleH mo]
ol 70 & U}, @ GHaleF 1 oo glo] A&
7Fse 302 AR E, 2 Aol L v

ST LOADEST 312 92 5 0 AE5HAE
A oo Azt o AR =t 4 A

= A 2T Bl 28T 4 e AR AlmE
Ul 2
o] =82 2017 & AR WS 0] Yo 2 S 1Ay

o] 2| -8 whot =8 H 7] 2 ATAFE U(No. NRF-2017R1
DI1A1B03034463).

References

An, J. H, Song, J. H., Kang, M. S., Song, I., Jun, S. M., and Park, J. H.
(2015). “Regression equations for estimating the TANK model
parameters.” Journal of the Korean Society of Agricultural
Engineers, KSAE, Vol. 57, No. 4, pp. 121-133.

Arnold, J. G., Srinivasan, R., Muttiah, R. S., and Williams, J. R.
(1998). “Large area hydrologic modeling and assessment.
Part I: Model development.” Journal of the American Water
Resources Association, JAWRA, Vol. 34, No. 1, pp. 73-89.

Carey, R. O., Migliaccio, K. W., and Brown, M. T. (2011). “Nutrient
discharges to Biscayne Bay, Florida: trends, loads, and a
pollutant index.” Science of the Total Environment, Vol. 409,
No. 3, pp. 530-539.

Das, S. K., Ng, A. W. M,, Perera, B. J. C., and Adhikary, S. K (2013).
“Effects of climate and landuse activities on water quality in
the Yarra River catchment.” Proceedings 20th International
Congress on Modeling and Simulation, Adelaide, Australia,
pp. 2618-2624.

Donigian, A. S. Jr., Imhoff, J. C., Bicknell, B. R., and Kittle, J. L. Jr.
(1984). Application guide for Hydrological Simulation Pro-
gram: Fortran (HSPF). EPA-600/3-84-065, U.S. Environmental
Protection Agency, Athens, Georgia.

Engel, B., Storm, D., White, M., Arnold, J., and Arabi, M. (2007).
“A hydrologic/water quality model application protocol.”
Journal of the American Water Resources Association, Vol.
43, No. 5, pp. 1223-1236.



K. Kim et al. / Journal of Korea Water Resources Association 51(2) 151-163 163

Eom, M. C. (2004). Analysis of pollutant discharge based on
temporal and spatial characteristics for a drainage basin in tidal
reclaimed areas. Ph. D. dissertation, Seoul National University,
pp- 1-8.

Gudmundsson, L., Bremnes, J. B., Haugen, J. E., and Skaugen, T. E.
(2012). “Technical Note: Downscaling RCM precipitation to
the station scale using quantile mapping - a comparison of
methods.” Hydrology and Earth System Sciences Discussions,
Vol. 9, No. 5, pp. 6185-6201.

Helsel, D. R., and Hirsch, R. M. (2002). Statistical methods in water
resources. U.S. Geological Survey, Reston, Virginia, pp. 295-320.

Huber, W. C., and Dickinson, R. E. (1992). Storm water manage-
ment model, version 4: user’s manual. EPA/ 600/3-88/001a,
U.S. Environmental Protection Agency, Athens, Georgia.

IBM SPSS Statistics ver. 22.

Jeong, H. S. (2014). Modeling socio-hydrological systems for waste-
water reused watersheds. Ph. D. dissertation, Seoul National
University, pp. 8-11.

Jha, B., and Jha, M. K. (2013). “Rating curve estimation of surface
water quality data using LOADEST.” Journal of Environmental
Protection, Vol. 4, No. 8, pp. 849-856.

Jung, C. G., Ahn, S. R, Kim, S. J,, Yang, H. J., Lee, H. J., and Park,
G. A. (2013). “HSPF and SWAT modelling for identifying
runoff reduction effect of nonpoint source pollution by rice
straw mulching on upland crops.” Journal of the Korean
Society of Agricultural Engineer, KSAE, Vol. 55, No. 2, pp.
47-57.

Kang, M. S., and Kim, C. G. (2009). “Review of hydrologic and
nonpoint-source pollution models.” Korean National Committee
on Irrigation and Drainage, KCID Journal, Vol. 16, No. 1, pp.
20-29.

Kim, H. G. (2009). Modeling hydrologic and water quality effects of
impervious surfaces in farm and urban watersheds. Ph. D.
dissertation, Seoul National University, p. 120.

Kim, M. J., and Kim, T. G. (2014). “Analysis of runoff characteristics
of non-point sources pollutant and application of BMP using
Basins/WinHSPF model.” Journal of Environmental Impact
Assessment, Vol. 23, No. 2, pp. 88-100.

Kim, S. J., Kim, P. S., and Yoon, C. Y. (2000). “A regression
equation of tank model parameters for daily runoff estimation
in a region with insufficient hydrological data.” Proceedings of
the Korean Society of Agricultural Engineers 2000 Conference,
KSAE, pp. 412-418.

Ministry of Environment (2004). Total pollution load control.

Ministry of Environment (2006). Water environmental management
plan.

Moriasi, D. N., Arnold, J. G., Van Liew, M. W., Bingner, R. L.,
Harmel, R. D., and Veith, T. L. (2007). “Model evaluation
guidelines for systematic quantification of accuracy in
watershed simulations.” Transactions of the ASABE, Vol. 50,
No. 3, pp. 885-900.

Morse, N. B., and Wollheim, W. M. (2014). “Climate variability
masks the impacts of land use change on nutrient export in a
suburbanizing watershed.” Biogeochemistry, Vol 121, pp. 45-59.

Park, Y. S. (2014). “Estimation of pollutant load using genetic-
algorithm and regression model.” Korean Journal of Environ-
mental Agriculture, KSEA, Vol. 33, No. 1, pp. 37-43.

Que, Z., Seidou, O., Droste, R. L., Wilkes, G., Sunohara, M. Topp,
E., and Lapen, D. R. (2015). “Using AnnAGNPS to predict the
effects of tile drainage control on nutrient and sediment loads
for a river basin.” Journal of Environmental Quality, Vol. 44,
No. 2, pp. 629-641.

Relevant Ministerial Consortium (2012). Second non-point source
management comprehensive plan.

Runkel, R. L., Crawford, C. G., and Cohn, T. A. (2004). Load
Estimator (LOADEST): A fortran program for estimating
constituent loads in streams and rivers. Techniques and
Methods Report No. 4-AS5, U.S. Geological Survey, Reston,
Virginia.

Shen, Z., Chen, L., Hong, Q., Qiu, J., Xie, H., and Liu, R. (2013).
“Assessment of nitrogen and phosphorus loads and causal
factors from different land use and soil types in the Three
Gorges Reservoir Area.” Science of the Total Environment,
Vol. 454, pp. 383-392.

Shin, M. H,, Seo, J. Y., Choi, Y. H., Kim, J. G., Shin, D. S., Lee, Y.
J., Jung, M. S., Lim, K. J., and Choi, J. D. (2009). “Evaluation
of LOADEST model applicability for NPS pollutant loads
estimation from agricultural watershed.” Journal of Korean
Society on Water Environment, KSWE, Vol 25, No. 2, pp.
212-220.

Tasker, G. D., and Driver, N. E. (1988). “Nationwide regression
models for predicting urban runoff water quality at unmonitored
sites.” Water Resources Bulletin, Vol. 24, No. 5, pp. 1091-1101.

Young, R. A., Onstad, C. A., Bosch, D. D., and Anderson, W. P.
(1989). “AGNPS: A non-point source pollution model for
evaluating agricultural watersheds.” Journal of Soil and Water
Conservation, Vol. 44, No. 2, pp. 168-173.

Zhang, P., Liu, Y., Pan, Y., and Yu, Z. (2013). “Land use pattern
optimization based on CLUE-S and SWAT models for
agricultural non-point source pollution control.” Mathematical
and Computer Modelling, Vol. 58, No. 3, pp. 588-595.





