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Abstract

In this study, considering the factors that affects sediment trapping efficiency of Vegetative Filter Strips (VFS), the scenarios
were designed to develop a regression equation to estimate sediment trapping efficiency of VFS for agricultural fields in
South-Korea. For this, general conditions of agricultural fields in South-Korea were investigated. Then, based on these results,
total 53,460 scenarios were set and simulated by Vegetative Filter Strip MODel (VFSMOD-w). Two variables were
determined from the results of 53,460 scenarios. These two variables were applied to CurveExpert for development of a
equation, which can estimate sediment trapping efficiency of VFS. The equation developed in this study can be used in SWAT
model for estimation of sediment reduction efficiency of VFS to upland field in Korea. Moreover, it is expected that VFS will

be effectively applied to agricultural fields in South-Korea.
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oz FEHH, A HE&HL e AHAY7I™A=
R, AFFA, JAA, A893d Fo] JATHKim and
Lee, 2006). 21 & A4oddd = Z-9AHE Al HAE AL
£ Asty] A% FHBYVIM R BEA Lo o
2goz AAE AAYE EFcKSchmitt et al., 1999). =
WolA = AAaodd, 240, 40, 3243071 22
guizA Z&H AMEHI lom, FodA s Z uld
A vegetative filter strips, grassed buffer strips, filter strips,
grassed filters 522 E&%o] AM2E3 QTtHChoi and
Jang, 2014).
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ole] HH9 ARy WHE 4Py Hs FAAZR
2 TS F= OI ARE #FF A7 AP
2tk Choi and Jang (2014)= AAIE 5% BRAAE 4
02 ME O 2F(FH, I, ugel, 3, EHaT, A
H7|E2ag2)d B2 #EAL 299 HFdAT &
5 BN 2H 6714 2F FolA AU E AMEE A4
AN 7 w2 HFLIAR EFHUF YERETH
Dilaha et al. (1988)2 2 o#Hhe Zol& 46m% 9.1m
2 24 AXsA 7HE FEA A HA% FAAR &
FE2 AFsta 47 81% 91%Y FAAZR &FHE 9
St TE Patzold et al. (2007)2 A2 O Zo|3m, 6m,
2m)g 7H ABQFANE At 343t 37HA A Z2A
9 AF Z&& vAEA AT ES Otto et al. (2012)+=
oz F79 *‘*@@MEHE AR ske] 20079FE 20099

FeAgol e AlxA AR a3
£ J% e 2N E Aol A
&2 AL axs Aok o}xm AFAH 2 E}O@

Ed,

g 0}04 *—‘.*JMJ%EH
ARG B8S 29 & F e Y RdEo] Ay
Atk EHOZ SWAT (The soil and water assessment
tool), VFSMOD-w (Vegetative Filter Strip MODel), WEPP
(Water Erosion Prediction Project), GRAPH (GRAss-Phos-
phorus), GRASSF (Kentucky filter strip model) 5°] A°H,
3 FlA SWAT E¥ & 98 ez A4d3d 48
4 B7HE S5t Bol AREEI Atk(Bosch et al., 2013;
Parajuli et al.,, 2008; Shan et al., 2014).
SWAT B2 Agoae fAAd aes sl
9&ta] White and Arnold (2009)7} 7Rt 28 AF&&3
°‘E} White and Arnold (2009)& Ao Fd) FALAZL &
g 9FE FE= 0gFd dAESE 2B A JHA A
U2l o & A4 o] VFSMOD-w BE8& &8 29
Ao FFAF AERE vELR g LS sHAT
White and Amold (2009)7} 433 Alyglee vl
WAl AR EHE V122 AFHI il v= 3
Aot & 58S 7ML e IW dAAE Wdew
A&st7] s Mol m&"é}t‘r ole B AF-9 H&2

U AZA EFLS vtgste FAZAAANAMY §EF, FARE
A AAAFg e FAAT 3% o dF& HAE= I
JIAEE 1Est AU L& A3, o] VFSMOD-w

28 Agslkel SWAT 2301 48 Hxd Aotz

FAAZ 58 AFAL Agats Aotk
2. Materials and Methods
2.1. SWAT 2& W AlMojniy 2E

SWAT 28E 0% 574 SATAAN ALE £

ECIEE CER PO PN SR E S

WEE)S EACIGE, EFEY 11 £ E1RDEM)
YAARE sl B7) 45 R4 2

o

T 5 Zo3th SWAT 232 g3 AFAY7He
27t bedtd 2 FolA ABAFHNY FAAZR
S E3ty] ¥sl Bol AREEI th(Bosch et al,
2013; Lee et al.,, 2010; Parajuli et al., 2008). T':‘]-?q“} 71&
SWAT 23 W VFS E&d AMEEHAY FAAZ &8 4
A ()2 AR FAAL 280 TS A
t Oge At digh 13 glo] @] Ao =
w1l AT 288 AFRtE B4 9l
t}. o]o]l White and Arnold (2009)% 2ol #the] Zu)
al

mlo ;9

Bt ARG &5 EYPP 71EY VFS “%«]
A"E A7) fstd 4 (F Ak

trap,, = 0.367 (width fihstrip)ozgm "
A71M, trap,, - 94 AR B
width ., = AT o Z

Ry, =758—10.8In(R;) +25.9In (K p) )
Sp(%) =79.0—1.045,+0.213R,,

A7NN, R, = FEF ALE (%)
R, = F&5T% (mm)
Koy = $5A% (movh)

S, = 99 el BE g Y AR (k)
Sp = A4CTY KL L8 (%)

2 Q) 93 AL 3EI 165009 AU LE
VFSMOD-w 23| H&stq 4 ZF#E ngez A
Ak AvE o9 ZF JIAES AHEH FEF2 A &4
2+ 3217 10 mm ~ 100 mme] ¥ 2 AFsdon Ex 3
Bl WE EFrAEY e FddH+= Cfactors 0.12
AEsATh B9 ESE, EXol&R I A4IE A
g A 2 FEH 21 F USd AR /fESH
g mXE d¢S YERNE Curve Number (CN)2 85,
BAEE 2%, 5%, 10% 23 A ] £ Im~2m
o M2 HAPsHrh AT 0“3}2—101 733}%] g =
BAAA EHE 2HAS o A 2)F HEs] A& A
St ZF QAEY WY: thast 1744 7“‘ AE s
of #&stth 53] 60% ool 7~1 5% BAES 7H =
AAE dgoes AYAqFNY FAAG B&E B
371 YA E F8A] s a=rt dasteh w9 7
LAY S b FEF T B dFS 7A
CN 32 ZAA tisiA dWHORE 60~754k0]¢] s
AF&-%cH(Jang, 2006; Mishra and Singh, 2003). 4] (2)&] 4]
U oA AFS CNEEl 85& gutxos FAX Yo
A Gl aFeet. AA FFA A CN grel 805 |
= A%l BF ¢ F AE diFEe FE
B Ao sigste gelth sk ol A
7L T AEE A2 e E AES HE)

W i fo Lo
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U AAA Y gubdd &
A 2 AgAe My s FHEdFFLAA A
gk ESE A SR(NAAS, 2015)90A4 Algste SA4
ARE S8 EYFFPEA 2L 5UEBEE, 5
stehd, EYEN, dEs971FE 9 HJEE AFs
€ AIEZA 2 AFdA e EGEEGEAILHANA AT
e dde SAAERE FET DHl(ha)R 7HEste] Fu
AZA Y EHE A THTable 1). A 23 2 A%
A8 B FE, AHLE, "AE GEZ giFES AR
or JAHe s FE3k Wi 54 veblnh =3 FAA
F 86% 7} 1 ha °Jste] &TFR FE|o]iL, FA=E A
AH 9] F 60%7F 7~15%2] BAHEE WERATh

o
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BAX

=

Lo

o
VESMOD-w B3 AFE ©¢ BFoz Ao i
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Jo

AMAZ B&E BT & glen, o

O AT S Al 289 dg=rt AFH UK Munoz-
al., 1999). VFSMOD-w 23 A 7299 ¢

St D HFEE ol &, TS 219 AAAFYE =
g% F JY=E 49 4, Ao|, FAE, IF Y F
9] Ao B AR o BT EF A 7]
S BER JdAE aHT 4] 7HsstH. VFSMOD-w
2gL2 3A 3714 EE(Infiltration =&, Kinematic over-
land flow E%&, Sediment filtration EE)Z THFATH
(Fig. 1). Infiltration 2E<2 Green-Ampt J5F HF24 & o]
g5t AFHF 9 2ALFE AFSH, Kinematic over-
land flow EEES FIFFY FEHF FEFS AN
Sediment filtration E&2 AAAFNZ FYA FAHY o]
53 ¥3g 29I THMufioz-Carpena and Parsons, 2014).
VFSMOD-w 239 JEAsE= AEXY &% 2 /4
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Table 1. Slope, drainage class, unit size, and soil type of agricultural fields in South-Korea

Slope (%) 0~2 2~7 7~15 15~30 30 ~ 60 60 ~ 100 Sum
Area (ha) 125,041 437,514 923,778 5,155 0 0 1,491,488
Drainage class High well Well Little Well Little poor Poor High poor Sum
Area (ha) 77,408 1,286,408 127,671 0 0 0 1,491,488
Unit size (ha) ~0.1 0.1~0.2 0.2~0.3 0.3~0.5 0.5~0.7 0.7~1.0 1.0~ Sum
Area (ha) 205,974 359,598 171,223 284,725 140,349 123,495 206,124 1,491,488
Soil type Loamy coarse| Loamy fine Loamy Fine sandy Sandy Loam Silt Silt clay clay
sand sand sand loam loam loam loam loam
Area (ha) 3,132 17,720 9,628 59,192 392,126 661,354 238,662 58,701 40,089
Filed/Source area Vegetative Filter Strip
RAINFALL
Overland : s
INFLOW flow — +———— hrfn'it:l:?:" '
module
PESTICIDES A / \\ =
\\"“w Water
SOLUTES quality/ Sediment
B pollutant —_— filtration |
. . ~ transport module |
COMPLEX // < madils
MULTIREACTIVE : e
POLLUTANTS l )
QUTFLOW

Fig. 1. Schematic depicting of VFSMOD-w model (Muifioz-Carpena and Parsons, 2014).
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> Sour, i, gyt ez ztzke] HRUE A& the 3719 342 7}
e
“‘“i’?ii_x A3 ek E White and Amold (2009)& 414 & 3o 9]
Runofft - Filrg, AR £ HRUY B4 2 9F< ux) gom A
Sediment '“'=--..____Sf1}' _
A WA g APAFY WY v(AnE AL B
+ Slop Infiration ¢ 2fduel FPHo2 E¥AT Q= RE HRUY 59
+ Soil type = "" _ _ -
. Curve Number > Outfow @ vgz AdaRds 48T 5 ASS IS ol
+ Filter strip width |~ S SWAT 239 54& st 2 A7 E Ar(0.5%
and length - _
+  Vegetation ~10%)E AAZ AL 252 IJU ARAE g2

Manning’s n

Fig. 2. Hydrologic components at source area and filter strip
in VFSMOD-w.

24. VFSMOD-w 22| E #Ist AlUE[2 M4
2 dT7dAe 3W BAA 54 A 2FHE Y5
VFSMOD-w E¥ =5 93 Alyges 4Fst
(Table 2). F-¢+&FF & AHALHS
(MLIT, 2012)°14 AF3te FEFSZES
2% ALAZEY 109, 2049, 30d FEZFFO gt
3l mm, 57 mm, 67 mmE 233592, NRCSS CN= 59,
68, 772 17 sh ﬁA}EL gt ZAA =
& AP EGHHE AR T osURl EAL I
BAAANAN 7HE B2 FE UeHd FE(loam)dt AIFE
(sandy loam)E LR oH, AIFEAA FAF HA 4
2 9% A USLE EFREGAIP)E 102, TP
3 AES 1Y F JYEE EYIEJIZHO)E 0.1, 0.3,
0.5 AH&3kATH

BTN HAH L2 ojn] B APAFlA FAAT &
gl 7P 2 9FE Fe UAAE AAIFHYTHLIu et al,
2008; Munoz-Carpena et al., 1999). &A%+ HRU (Hydro-
logic Response Unit) B2 #& 2 FAIS 2 5l+= SWAT
239 E4E 2HsHE o AT HHE IE F
Ste A2 HAIZE Tk SWAT ZZA &f9Le 9
EE 38 HRUZR 4= ot 4249 HRU= Z&
2 AA AR OE A9 4TS e

o

[ R=M=]
2T 1 —‘—'1:‘

2 Ao 2% &3t Choi and Jang (2014)8] A2
T fﬂrﬂ' A E AHEsH T

AFE WAL 71E9 AT B3 AFA Hol
AR AdE AR B2 AFAA BFRA WHRS
1 & F AR, 2%, AA893Y £ 5 A8 RS
wE eAAYT 58 t,ﬂ;_g]-% EXA 35 tHKuo and Mufioz-
Carpena, 2009; White and Arnold, 2009). 3}A| ¢+ & AF

e BLF AAAFHY WHE] ZHAAE AIDE BH

o] Wiyt AdAARY Y FAAR aFel JFE = Ao

2 7Pgsta, ol EAE] fsted g ARE HAS

ARsArh AIRE HAL TS5 50mE APSA, AIFDE

4 Aol 10m~400 mE A7(0.05~2ha)dte] Thget Al
X wyg a#sach

2.5, Al4H04 1}y %MX‘l "E%
AT ] FAAZT S8
EE Totsir] AsliA e ’8* 24
E AFAe & doA 43 Ayl L5 VFSMOD-w
2PE& &8st RIS AFHE ‘%3}9\9\3}. no Azs
&8st Z RS o ’8*\_ =
HE wrgst IAY =Ee A% t,ﬂ-’,“—
P8 s 3 AR E
Ae a4 JdHE A
AT A= CurveExpert (v.2.2.00S &&ste] FH3Fo 3]
e EE5AT

CurveExpert= curve fitting Z23¢} tlolg EAS& FA|
o AFHFE cross-platform ZEIH o7 ThL3 XAF 3

7 2dd vdd IdARLS AFHED TIEHLR 60
A7t de A FHES AFsta glon, AHEATE A 4
9 FHs 48T ¢ Adoe 7&@01 Atk ES Curve-
Experte 39 34 wj/fis AHF2AE 2P H

Table 2. Selection and application of model parameters to explore runoff and sediment yield variations

Model parameter Used values Number of model parameter phase |Total scenario number
Rainfall (mm/60min) 31, 57, 67 3
CN 59, 68, 77 3
Soil type Sandy loam, Loam 2
Slope (%) 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 10 3 3XIX10X1%3
USLE P-factor 1 1
USLE C-factor 0.1, 03, 05 3 L1 =53460
Ratio of VFS area to source area (%) 05,1,2,3,4,5,6,7,8,9, 10 11
Source area (ha) 0.05, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2 9
Vegetation Turf grass
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SAEA AIEBAF, FHAF, EFLA 5) I A Table 4= ArS A3 T2 JARAE(EY, AL, AlEXE
&3 Fth(Hyams, 2011). & ﬂ-_r%ﬂ Ae ZREAE &9 W3, CN, C-factor, 22 E)0] 5LE o, Ap HS}o] w2
AHE HFES CurveBxpertd] 2 &3l =&F 3749 A iu &S Uehd Zolth Ag st @2 AR
2ATS aHZE vlustd JH9 FAXES AU BES 129%~83.7% HAZ Hd 70.8%] AolE HEIR
th Table 5= ZAFES A2 e AAS(EY, Ar, A1
3. Results and Discussion % WA, CN, C-factor, 492 E)0] EU3 o ZAAx= ws}
o mE FAAE £&S UEhd Aotk Table 59 2ol FA
3 AlUEIR 2o Aot T odsl] mE SAAR B8 254%~94.7%E AU
53460 719 AU e 2o AFAE vigoRm 4o 69.3% #olE B Ard MK ZolE EATh mRA| TS
o AR Zeol e 4 Auge 43 dAEY FF 2 Table 62 AAXY WAS A v JAASHEA,
AEE metsly] st 4P 2MS $P590) Table 3 Ar, BAFE, CN, C-factor, Z2-¢4E)0] 43 o) AFE @
< Z AP FEATE FEd Aol A Wgle] mE FAAZT £&8 YEld Aot Table 63
GBEA AT AFE HEH A AT HHH] Zo]l NFE WA Wl BE AL LS 45.7%~
(Ap)® BBAF7F 0452 78 & s vepilen a1 o 92.5% WS UEtRon AW 46.8%9] zolE Ho k9
208 ZAENEE WACN>Cfactor-Z$F 02 % QAT AAE)S Wit /b 4L Ao S Uehd
UERSTE ofel o] e AlvEle @RS B 2R b o A% Table 3% Table 6914 & § Aol & H(24
& B2 BBATE UEd Al 7EA RN AR, BALE, AIE VFSMOD-w E9E 913 Aluel e M)A o83 A
T A3 wE ARG 285 Fee Aot o] BUAF AyZAULATGE AFE WEFY Z7t= GALA

Table 3. Correlation coefficients of model parameters and sediment trapping efficiency
Model parameter Ar Slope Source area CN C-factor Rainfall
Correlation coefficient 0.45 -0.44 -0.40 -0.31 -0.29 -0.24

Agr : Ratio of VFS area to Source area

Table 4. Variation of sediment trapping efficiency with Ar changes

Rainfall / 60min ~ Sediment trapping efficiency

Soil type Ar (%) Slope (%)  Source area (m’) CN C-factor (mm) %)
Loam 0.5 10 200 0.5 68 68 12.9
Loam 1 10 200 0.5 68 68 212
Loam 2 10 200 0.5 68 68 345
Loam 3 10 200 0.5 68 68 454
Loam 4 10 200 0.5 68 68 54.4
Loam 5 10 200 0.5 68 68 61.9
Loam 6 10 200 0.5 68 68 68.1
Loam 7 10 200 0.5 68 68 73.2
Loam 8 10 200 0.5 68 68 77.4
Loam 9 10 200 0.5 68 68 80.9
Loam 10 10 200 0.5 68 68 83.7

Table 5. Variation of sediment trapping efficiency with Slope changes

Soil type AR (%) Slope (%) Source area (mz) CN C-factor Ramf:lrlrlnil?()mm Sedlmen(t%r)eductlon
Loam 4 0.2 200 0.5 68 68 254
Loam 4 0.18 200 0.5 68 68 283
Loam 4 0.16 200 0.5 68 68 32.1
Loam 4 0.14 200 0.5 68 68 372
Loam 4 0.12 200 0.5 68 68 44.2
Loam 4 0.1 200 0.5 68 68 54.4
Loam 4 0.08 200 0.5 68 68 67.0
Loam 4 0.06 200 0.5 68 68 80.1
Loam 4 0.04 200 0.5 68 68 87.3
Loam 4 0.02 200 0.5 68 68 90.8
Loam 4 0.01 200 0.5 68 68 94.7
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Table 6. Variation of sediment trapping efficiency with Source area changes
Soil type  Ar(%)  Slope(%)  Source area(m’) CN C-factor Ra‘“f?rlrln/n iomm Sed““e“(t%r)ed““‘““
Loam 4 10 400 05 68 68 45.7
Loam 4 10 350 05 68 68 413
Loam 4 10 300 05 68 68 49.2
Loam 4 10 250 05 68 68 514
Loam 4 10 200 05 68 68 54.4
Loam 4 10 150 0.5 68 68 58.3
Loam 4 10 100 0.5 68 68 64.1
Loam 4 10 50 05 68 68 74.3
Loam 4 10 10 05 68 68 92.5
2000
1800 /
__ 1600 7 £
& 1400
g 1200 -
& 1000 pan
& 800 1
g 600
< 400
200
.
0 100 200 300 400 500 600
Source Area (m?)
Fig. 3. Exponential relationship of sediment yield (kg/m’) and source area (m’).
Z aed dFE FAUT ole ARE 9T T {ALE (2.30E+07)(2.17E+09) A, — (2.83E408) 5
SIEEL] Hliﬂﬂd&rﬁ] AR %7 WEd Fig 33 2ol R T 1 (20651 07) Ay + (474E107) S, )
ARE @7_5,0] UFS oz F/4E o §A AT F AN, S5, — AAATY AR EE%)
HEE VISR AR AXY] RS ddEh
Sg = o9 AFE AdF F ul §AHkg/md)
3.2. AlAHO{TCH O OAI-X 2t 52 APHAL Jfet A, = A1EE WA g 2] o] o] WA H](%)
SANA W g% 24 @A WIS 1B B2 g g mex 4B FAAT BB, ApE
BRPE e AR 2 ‘”@ﬁ‘mwﬂw‘f NRE WA S Agaze B g, St
(;?R)E %—_ri 7‘%?0} o} T3 Al ¥ WHI fAES ANWE WA 9w Aol Fig st Aoz e
A ] Y5t 99 AFE W § WA /AN o AT Eoo m ol A 9 av ]
(S9< W52 Z243Ath White and Arnold (2009)0] 713 r W_“ S AT APEE A3 VESMOD-w
& 4 0 e GG W= uel Jgddd waAd R %%6_}04 2ot ZFRE wuwe adolth 4 (3)Y
o e el mon e e gy VA E 8 AAE VESMODwE e T At
3k FARKHS)S AAFstd FAYE =& skA % A wen Az AP AEASR)S Nash-sutcliffe
A= 24 A2 2 ?L AMe S 2 G5 FBATE A efficiency (NSE)E 27+ 0987, 09772 W =2 ke U

7 -0.59, -0.68% S, 9 @ATIE o ZA YErt St 4
Aoy FAAZ 289 o Z 9FS "AE AR Y
Ebgth mEtA B AT 5% Arg AN MR
A5Gt AP " HEE CurveExpertdl]l &-8351e] thgst
AF 9 HAdY IANE =2 F 4 IAA H 23
Al aRZE vuste HHY FAAZ IANE =
Ak 2 3)2 & AFA A AAAFHEY [FAAT
828 HE49 AZF e ol Fig. 4= CurveExpertol A A
Jejzolnt.

N

3% 3x44

etk skAI 9k Fig. 5olA wtA2 FAIG FEA 2] (3)
A9} VFSMOD-wi2g A% 3+ 2 i}°l7} WA ST o]

o tg 91e 437 Asl 4 3)& t A3} Fig. 6
7 2t

2 ()22 T AgFH ] AT 28s AT
A A, 1% °l&tY W VFSMOD-w 2¥ 3 Bluste] A

_>~‘L

} 282 Fagstes 297 HART waA 4 )
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Fig. 4. Three dimensional graph of AR, SS, and RS to retrieve a regression.

— = Yy =X .......regression line 4 Conc|usion
R2=0.987

NSE = 0.977

AAAE o A &
NAZ 28E 2T & JYES SWAT 28 U 2493
0 BES AHE] 9 AR AT 5e APAL
AEstgd o o2 98] VFSMOD-w Ed& o] &3t o
# z270e TAF AU s By, RS AR
vgos AgaTe $AAR B8 S I A2
e ANFRT.
2 24x E4e 1A AU s A4 95k
2 ARA E4e zASAoH, A 2RE weow
- - — — - VFSMOD-w 29 ZoE 93 AU es d33th 3
Sediment Reduction of Regression Equation (%) 53460709 Alge e ARE B8] 7t AASO dishel
MR BAS ST B4 A% AFE @dd ga 4
o

VFSMOD-w Sediment Reduction(%)

Fig. 5. Comparison of sediment trapping efficiencies by regres-

sion and VESMOD-w model. Ao HAE|(Ar)e B9 AIFE EH Y AR
--— Y =X serves regression line -- Y= X sesses regression line
R?= 0.981 R?=0.988

NSE = 0.996 NSE = 0.893

!

VFSMOD-w Sediment Reduction(%)
VESMOD-w Sediment Reduction(%)

i o rin 120 o 20 40 50 g0 100 120

Sediment Reduction of Regression Equation (%) Sediment Reduction of Regression Equation (%)

Fig. 6. Comparison of sediment trapping efficiencies by regression and VFSMOD-w model with Ar of 0.5~ 1% (left) and
2~10% (right).
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