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Simulation of the Best Management Practice Impacts on Nonpoint Source Pollutant Reduction
in Agricultural Area using STEPL WEB Model

Hlo .
==

* =% ==* % * %1
A BB HUE - ZAET - LA LA

Park, Youn Shik - Kum, Dong Hyuk - Jung, Young Hun - Cho, Ja Pil - Lim, Kyoung Jae - Kim, Ki Sung

Abstract

Sediment-laden water is problematic in aquatic ecosystem and for hydraulic structures in a watershed, and agriculture area in a watershed is one of source
areas of nonpoint source (NPS), since soil surface typically exposures due to agricultural activities. Especially, severe sediment might flow into stream
when agricultural area is located near stream like the Imha-dam watershed. Soil erosion is affected by precipitation, therefore there is a need to consider
precipitation characteristics in soil erosion and best management practices (BMPs) simulation. The Web-based Spreadsheet Tool for the Estimation of
Pollutant Load (STEPL WEB) allows estimating long-term sediment loads and the impact of best management practices to reduce sediment loads. STEPL
WEB and predicted precipitation data by MIROC-ESM model was used to estimate sediment loads and its reduction by filter strip and conversion of
agricultural area to forest in the future 30 years. The result indicates that approximately 70 % of agricultural area requires filter strip installation or that
approximately 50 % of agricultural area needs to be converted to forest, for 41 % of sediment load reduction.
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SR RS 5] Sl BA ol 2ok &
A8 1 ol5}te] A& sfjof sl=t], Water Erosion Prediction
Project (WEPP; Flanagan and Nearing, 1995), European Soil
Erosion Model (EUROSEM, Morgan et al., 1998), Soil and
Water Assessment Tool (SWAT, Arnold et al., 1994) 5-9]
S5 152 0] 835 4= It} (Jang et al., 2010a; Jang et al.,
2010b). o]efgh SRS folol o] 458t A% 1 §
A dll 0] 7155 vlal, molo] Had AR 14 5
of W2 A7t} -8 Q 415t} (Park et al., 2008).

Sediment Assessment Tool for Effective Erosion (SATEEC;
Lim et al., 2005), Spreadsheet Tool for the Estimation of
Pollutant Load (STEPL; Tetra tech, 2011), Web-based STEPL
(STEPL WEB; Park and Engel, 2014)3} ZHo] sH-E E kG4
F-A] (Universal Soil Loss Equation (USLE); Wischmeier and
Smith, 1978)& 7|REC 2 Sho] W] a2 2|2 ko] ezt
o7 FARE B E e RS T8 S R = 7
gkl v} gt} £3], STEPL WEB- STEPL 9] -2 A4}
ol A1) FAEE S mP o=, oF 5007)] 2=
7% (Best Management Practices) H|o|E[H|o]| A5 E3]], &
ofoll 4 9] v 0.9 gle] A7 W)} Flsaley.
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Aol 92 FAEE FEAlol YAk 9l om, £
35°35°-36°00", S7 127°20°-127°45" o] Y x5}, G- 2]
21,976 km® 24 57 G- WA 0] oF 6 %S AR Fh) AF
2|74 1,612 km® (82 %) 2 -1 TS ARSI, o
212328 km® (17 %) 2 74 A7} t 5 513 Selof] Hat ]
o] 9Jt} (Fig. 1). Yaleio] 1993 0] =25 0]3, 20021 €]
= 2 AL Q18] #31EH= 882 NTU (Nephelometric Turbidity
Units)2} 2003 g3 wju] £ ¢lsf et 1,221 NTUS
7125} Tk (Yi et al., 2008).

2. STEPL WEB 2§9| 7i

STEPL (Tetra tech, 2011)-2 1]=+-2] Total Maximum Daily
Load (TMDL) #/2}-& %225k o] 9lo] ul g naa
(U. S. Environmental Protection Agency; U. S. EPA)oj| A &
|51l Q= Byorh STEPLS Q¥+ &% AR &
4, ¢, BOD F-5}af 5.o] @ik ofuf 2}, 500171 &f 22432 7]
H (Best Management Practices, BMP)o]| tjj3t A 0882
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Fig. 1 Location of Imha—dam watershed
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olg5to] © @Rt H7keye] wel7} 7Rsstck STEPL w3
& 50l 8090 5% 2500 ol Cuve Numbe
2e wofal, of

o olgap] el
?:_1%14 & X}Eﬂ CN"ﬂ ot %%%kﬂ% HA] gk Aol
Kol v} @it} (Park and Engel, 2014). o] 3HA 4 59}8}7]
23} CLIGEN (Nicks and Lane, 1989)0]| 2]t 2+ 7--$-
2 0] 83l0] ATHY] M Q2R ALY & AW 7<1 ]j
292 APgel, 9 7Ivke] 1ol STEPL WEBo]
% v} QJc} (Park and Engel, 2014). STEPL WEB-2 CN} &

—l—‘

G9] AR olgelo] AHF YHKBEE AL,
E OFREH] (Soil Infiltration Fraction)o]] 23| AIH o 7| 4|5

B AR, 7} A A 9B W 7|4 gE ] o
T P U FEE o] 8slo] AP+t L HFotge ARt
(Fig. 2).

STEPL WEB-L 13 o] uj 7j3i4-2 245}7]
BES YAl e, 3 A BES $4
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Fig. 2 Annual direct runoff, groundwater, and pollutant load
computation in STEPL WEB (adapted from Park and Engel,
2014)
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3. STEPL WEB B&S 95t 22ixla 1=
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RS YR

STEPL WEB 2.&-& EX|o]- &%}
3 CNS AP gt 2 A-tofli= 5&%13
(1:25,000) & o]-8-5fo] =784 Bkt A= (Fig. 3(a)) &
Zoplon, A7 Y HAIAE (www.wamis.
go.kr) oA A B31= 20001 & -5 4] 1] EE (1:25,000)
£ ol&sto] Ex|o|-§ARA| = (Fig. 3(b))E 5313t} 1
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IO WS- T 9 A= (Fig. 3(c)) & =33t dshd 1+
EXx|o]-§dso] Abglo]al 42751 Eokto] A9FBl
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Fig. 3 Establishment of hydrologic response units from hydrologic
soil groups and landuses

Table 1 Area of hydrologic response units

Hydrologic response| Area |Hydrologic response| Area
units (km?) units (km?)
Agriculture — A 171.4 Urban — A 7.8
Agriculture — B 1441 Urban — B 9.0
Agriculture — C 1.0 Urban — C 07
Agriculture — D 1.3 Urban — D 0.1
Forest — A 1262.7 Water — A 9.6
Forest — B 338.0 Water — B 8.0
Forest — C 94 Water — C 0.5
Forest — D 2.1 Water — D 0.1

sk 12 ke] (Agriculture-A, Agriculture-B)7} 242+ 171

km’ 9} 144 km® 2 59 12 2] 9 %2} 7 %S 2} x|al= A 02
LFERGTE (Table 1).
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Aol A= STEPL WEB X3S H A% ¢, 7] S}
of o3t FAF A= H o8] Qg A AR E =] 9
3] MIROC-ESM & (Watanabe et al., 2011)1} &A1 7}A
| #3572 (Representative Concentration Pathways, RCP)
AYE] L& 0] 835} t) o]+, Intergovern-mental Panel on
Climate Change (2007) 42} H Lol A ARE-% SRES AJ L
2] o= FHER| A Soll tigh A S Sl B §lom, o
o 2007 L4712 5 A]1}e] 9. 3lejofl 4l RCP7} Al
v} 9Ick RCP= 71513} oo g o] wfe 217k
%5 o] Aol 7} 918 4 QIERe A& e, £4171
HjEE ol e 2.6,4.5, 6.0, 8.52] Y] 74| 74 9-= FHE5kaL
Sk

MIROC-ESM %8-2 MIROCE 7]810 2 3}, ofjo] 2%
Q2 (SPRINTARS), 3424 (COCO), |24 (MATSIRO),
Z3}5H= MIROC 230}, tj7]5}5-2 4 (CHASER), 3
VLT SFLE 84 (NPZD), A4l TRl 2| 3E AYEy
Q4 (SEIB-DGVM)E ¢ 3E3stt} (Brovkin et al., 2013;
Watanabe et al., 2011).

B oS Lof| A= Earth System Grid Federation (ESGF) 2]
Aek] ARy Ae} 7)Aol A Al5h= 12.5 km €]
A G2 E (Reginal Scale Model)of] tj3f RCP 4.5 At
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€ 2045 A7}H] ] 709 A5 TE3CE
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STEPL WEB R RAs17] SIs|A, SHa42108A0
(www .kwater.or.kr)ol|A] A|-Z3}=, sl o RO UHAF &
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Table 2 STEPL WEB parameters (default/calibrated)

pag‘::;'ers Landuses A B c D
Uban | 83/94 | 89/98 | 92/98 | 93/98
Curve Cropland | 67/76 | 78/88 | 85/96 | 89/98
number |Pastureland| 49/55 | 69/78 | 79/89 | 84/95
Forest | 39/44 | 60/68 | 73/82 | 79/89
Urban  |0.36/0.23|0.24/0.19]0.12/0.10|0.06/0.05
infiI?rOaitlion Cropland |0.45/0.36| 0.3/0.24 | 0.15/0.12|0.08/0.06
raction | Pastureland |0.45/0.36| 0.3/0.24 |0,15/0,12|0.08/0,06
Forest |0.45/0.36| 0.3/0.24 | 0.15/0.12 [0.08/0.06
Sﬁ:::;t 0,42><(O_3681XArea(ka)z)_(i;::;/
atio 0.08%(0,3681}Area(km?)) ™

Table 3 Comparison of measured and estimated average annual
runoff and sediment yield

Measured Estimated Difference (%)
Runoff 209 m’/s 215 m*/s 33 %
Sediment Yield| 3.3 ton/year | 3.2 ton/year -32 %

24 + Journal of the Korean Society of Agricultural Engineers, 56(5), 2014, 9

o) 901252 20.9 m’/s .o, HOEZTES 3 3 ton/yearo] 3}
t}. STEPL WEB-2 % & o] 4] A|&3}= o] & X5 (Bisection
Method Module)-& ©]-85}%.0H, A13-G-=Fo] HHE vl
7i4=Q1 Curve Number= 57| %100, 7| A-f-Eko] &
A= Soil infiltration fractionS XA AFY =] ich E5H-§ A}
Fof] WAH ulj7iH42] Sediment delivery ratio 2] A4+
0.420]]4 0.08 = oA =5 AP = qich 23 2] UWH?‘L—’F%
KHASE AT} (Table 2), o2 AW G222 21.5mYsPO
), SAFS 32 tonfyear O 2, 5T 33 %o 221= H
9T QA}ERS 32 %9 @ 2} W T} (Table 3).

2. MIROC-ESMO]| 2o|§t D|efZLRAtz 2A

MIROC-ESM 3] o|a) o=l 794422 o] g5}o]

2016 5E] 2045A717] (30) 2] A 740 2} RS 123}
Atk 1994145 2013 d714] 27F 1z;<_ % o 20 606
mm (1994%0), T} 1,541 mm (200319).©.2 2041 B 947

mm@] 7F-92kS 1 o] gof| H]3, MIROC-ESM E?ﬂoﬂ o5
of| 25 7107 0] 9 4 728 mm (203817), T 1,742
mm (20339) 2.2 30 B 1,377 mmE 70| oF45
% S7Fe 20 R o SE] IrKFig. 4).

3. FAL

2 WA A U] 2o A= 2016 WK E] 20453 2] 30 o o
gt ol S 7ol ot fALE HIlE HoRt Ao g, AB+t
GAFFo] 5.5 ton/year (Fig. 5, ‘Base’) 2.2 1994 dHE] 2013
|0 AR -FAFFC] 3.2 ton/yearof H|3] &F 71 % =7}k A
© 2 o &35k o]i=MIROC-ESM =3 of| oJsf ol &5 7
Qo) 4125 719250 wlol) Ak 45 % Z7hol w2t &
Bago] Z71aan olo] oja) gAlgo] £/ Aow o=

LM AR 2
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Fig. 4 Measured and estimated annual precipitation
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Fig. 5 Sediment load by estimated precipitation data and sediment EHXHO] g asit). ERAR Aoy s X9 -2 B
load reduction by filter strip and land use conversion from o] g-3go whe} g2l 4= Qlom E3F e EAo = FEF
agricultural area to forest L 97| wj 2o, 7| HSke} o] 7 EAJ o] HFE S|
sto] EOFA A7 S g stolop A7 A o= aut
Zoltt. whaba], 2016 WHE] 20459 2] 304 59 A+ A 4= Qlrk. ol 2 Aol A=, ol tigt ez B o
AbFo] FA =21 3.2 ton/year©] B 7] fI3iAl= oF41 % Ao Al o}, 573 A 0] AF o = o] 2kl R ofslal, o]
AN 4= = tiFo] Bagh A o & Y7tk ol A 713t Al @5 A-8-5ko] A7 A Q1 AR
FARES ATAIZ17] 918l 5 HA Aluke] Lol A= /-9 A& o)t
U 7)o o3 21 ed b (Fig. 5, “Filter Strip’)ol i) FF-309 5] At ARG 75439 Hslof| 9f
2 oJ5kgl o, o oF 10 %0f gsh= 7 X o] Al o] ShARECFT1 % S 4= b= A 0= e 7| witell, ©7]
HfE AT ¢ FAFZ 5 2 ton/year O 0F6 %] A AQ)EREARI A S A 1L BIHE 7S 4 9ot A
F A aITE 9F 20 %ol sFshs w74 Aol Aol & 714Ql ZEHNE 11 ATE 7|5l = JE Ao Azt
AT A GAEC 48 ton/year O OF 12%2] GARF A mirk 8F5 301 Eoto] olw i SAlEk] Tial, EA) sl
FaAN7} ASE G} webA AT E Ak FAL FARFO] A7 S TSt 7S AL, AR fAF
T2 41 % A7 7171 QI = 7 57 A1 2] €70 %ol 22 82517 Qe A= oF 70 %2 &7 x| o] & AlAdolut
tjal] Aot & A x|stofof sh= A 0 & 7| Hck & 288 A g7} Qitk E3F50 %9 S AR S AF o2 3}
Al AR AldE] o= AU SAAE A o= 2 AT A9, A FARFS AT 4= Sl A o= e
o395 Hoskgl e (Fig S, “Conversion’), 10 %of| 33 ETH 5742120 %= AFH 0 &2 SRS F, W2 57 X2 50
Sh= FAAE AtHORE ST A fARFE ¢F 5.0 %Oﬂ oA et Ao B = 240 739, EA LAY s A
ton/year © 2 9F9%9] G-AlF A7 a7}, 30 %0 geh= S Ve 77k S AKEFo] O E]| Qi)
FAAE AR SIS A AR °F 4 ton/year O = OJ\PXVLKHZH = sks Hofl dolAl, B4 A7)
2F28 %9 fAlEFo] AZFE 4= Y= A& S =Sk uet HE 79 U A8st=dlol= AR ] A= 4= 3o, ol
A GRS 41 % AZA7)7]) A= OFS0 %0 5ANE  Slshaie 74A] Bo 1 ool kel e M gatel
Ab 0 & Hlgfjof sh= A 0= YEfiTh OJsk=Ao] mEAQl Ao & wErh 53], ©@7]1HQ0 S|
FAAE AR ST A AR 2 AL oA o] AT HS U A -5 e R
2 UERAINE 9F50 %2] 573 ] (164 km') S Ak 0 =2 19 I J3NE 78] 7S 4k 7] wlell, 471491 S
Sk A2 A0 R] £ = Sl= A o' AYZFE| Gl o, o] /\194 A7 |HE EE 2t de Ao s etk
of -} 3573 212] 2F20 % (66 km®)qto] Ak 0 &2 2¢] 7} Aol A =2 7HA W 0 & FARE A7 mofRl o)

57 Ao Sl Agofatdiol oJgt AR AT =
97} o] oI H L} o] 5 918 1A 328 km* 9] 57 %] 520 %
of| S F5H= 66 km® W2 0] e A= Ak 0 & 3195t 5 &
AFFo] 3.2 ton/yearof] T=Eg W 7hA] AAYofafel o) A8

4@{%?471‘11% wofshiz vle] glol, Xzl 7|H o) ulg
of 4| WhEA] efsobshis 0.2 A7k wheb, 4L A
2T 5 ST Aol 47142 ZuiolA] thie] 22
e)7] o] v g3 4 el Wavt gl Ao Az,
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