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A Study on Regularization Methods to Evaluate the Sediment Trapping Efficiency of
Vegetative Filter Strips
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ABSTRACT

Vegetative Filter Strip (VFS) is the best management practice which has been widely used to mitigate water pollutants from agricultural fields by
alleviating runoff and sediment. This study was conducted to improve an equation for estimating sediment trapping efficiency of VFS using several
different regularization methods (i.e., ordinary least squares analysis, LASSO, ridge regression analysis and elastic net). The four different regularization
methods were employed to develop the sediment trapping efficiency equation of VFS. Each regularization method indicated high accuracy in estimating
the sediment trapping efficiency of VFS. Among the four regularization methods, the ridge method showed the most accurate results according to R%,
RMSE and MAPE which were 0.94, 7.31% and 14.63%, respectively. The equation developed in this study can be applied in watershed-scale
hydrological models in order to estimate the sediment trapping efficiency of VFS in agricultural fields for an effective watershed management in Korea.
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o (vegetative filter strips, VFS)&} 22 AX 2} 7|wF &£24
< B 9 R AEAl aypAo|a 21gkg o]
FRsahEAE FAIHo)) wEo] Be T} A7 ol
A2 AT} (Golkowska et al., 2016; Keesstra et al., 2018). A]AY
oAz}t BARNA 25 WA Aol Lol 4= o= FAE
Azst7] 91gt 71 o g AR Wikl w] HeFo s A
H AAAE @3tch (Schmitt et al., 1999).

2] Agolaid) WAL AT AL EEHel Aol
o AAE flsiA FETE 5281t} (Park and Hyun,
2014; Park et al., 2007). AlojT}dj7} FQ oxtoz T4
A 25 A o] Fsto] Akere] st
vl Aol W e e AR ) o
stol AP B8-S UeRA Hol 48 o] 2 Egol
E)A] Z3ic) (Han et al., 2015).

2T HE 29Y AolA thHes FEHI Sle
SWAT (Soil and Water Assessment Tool) X% Ujo]| A= 2143
o] ofgt FAR 58-S molsh=t] oAl AAojTt o]
0k 1] wimol] FAF A7 g 2o QlojA tha
A7t 9le AoR Heisel BTt e A2 T3] St
ofg] Aq-50] o] Fof%lth Park et al. (2008)2 442} ol
Z3} 9B olgelo] S KL AFSIAo, b
Sstol sk Bl T Aok Al $9)
Al ol8sto] A&AS =53t (White and Arnold,
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2009). Han et al. (2015)& THo] A|31E WA o dhalals 9}
Fok Al E HA o it Aofateo] WA HE 285t
Apelaile] §ARIZ B8-S AR b7t ole. gt Tiop
3 4 Aol o] tie AT 4 A
o2 ola) AA| A A GAERE Aod = 9= Ao
U s Aol HAstE 2dS fdsr|e skt
(Khatavkar and Mays, 2017).

?01]/\15 U BAAE dPdo= she AAofalde]
SAAT B8S Rolel] Sk B 48 AL 9
5lo], et 9l HAA|FH (Ordinary Least Squares, OLS) 2
b olyz} 2}A (Least Absolute Shrinkage and Selection
Operator, LASSO), 5% 3]#E4] (ridge regression analysis),
detAE Yl (Elastic Net)o] A3} PHEESS 0|83l B
% 04 Wlek BA, wHoRN od A % folol A
Jdrl“% H7bol| AMHEEIL Q= SWATO|A ARRE= GARA 7

84 wrl 9% o A4 2O 48 m3elnA g
o= flafl = AAA B4 LRt of7 7HA] AluE|

A5k VFSMOD-W (Vegetative Filter Strip Modeling
System) S Ao}t 1 At A A3 fAAT
HRAS BEHE o W A4ES 712 Astol 4
olate) SAIZ BEE ANT 5 YRS T5S A7)
BAE AREs 8 A5 & 940 Hol= S
Hgs3ck

Gd) Alelateyo) 2,

-

o)

l

NBEZHHO| §5% 5 54
2l0] oJ3) AAFE SAPZF Fge] ofd, AAlelaiT) 4t
AR gl QR e TRt QRS Teld AAE A
& Fpusha gk 3 Aolieh g AEE A (over
fuing & ) % & S 4R AIE AL A7

gato] S} 2 Aofo] MAY Agelutchel A% 2§
88 3 SWAT Bl Bojsl 9= Aol 41
ARF g o|%0) S Sueka Tt Aol A8 4
gLz} golc.

1. = 3 2
1. 2E R U YRz 75
7h. SWAT 2 Lf Aldojaic] 2=

SWAT ® &2 njat =54 =9d s (USDA Agriculture
Research Service, ARS)o| A 7lst G-t mg oz 7|4k
AR (Y 7 718, 55, 42, disE) BEA0lE L,
E9F 44 713 $ARTLY DEM)E AR oo
A7) 8, SAF 9 HH o HYY AE 5 o3tk SWAT
wge] e topstel, Auoizidle] AL 5L
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Ofsl7] flelirl e ol AREE|AL glom, 7]E SWAT 23 W
VES HEof| ARE Y AR a8 4PdAE A (Dol Al
AlSFAT} (Bosch et al., 2013). Al = H}Q} o), AlAio]u}
the] SAAIZ B8l GG 0)A Tok oIz et 1
o] o] Besl Aolattle] E0E ol gstel GAAY
£ ARtk BA0] waT

trap, ; = 0.367 (width 4,5, ) 2" 1

A7V, trap, = SAF AR BE Q901 widthy,,,, = 2]
Aojiitje] Zow VISBE AL o] Zor AZEES A
et e,

Lt VFSMOD-W Z&2| 7HR

VFSMOD-W %38 A
M = AR AR Bge Rod & glom,
thert WS FEl 23 ASErt ASHd
(Mufioz-Carpena et al., 1999).

VFSMOD-W 25-e 7] 7:90] oJ3t g9] $=g o] 8
Spol, choat 2719 AYIhE mOat 5 YEE A4
22, Zol, AARE, A% B4 Fo| Anelay wal QA
ot ol el EAT} 29k 9R} 7] 5 thakst ?_]_X]’E S
0] ZRslet. o] RS AP US| RYOT Ao}z
oSl G AR GAG ES HOE 4 glon, o
IR B AP Tl BF Y AY=E AST uE Aok

Fig. 19141 A} 4| 4olztele] et WA ES Ak
B 2= 9lom VFSMOD-W 29| Q278 AHEH, A
FEOEE S I S e e R
AlZE, CN (Curve Number) 5 7F-SAMF 2 829
= oA, AlEEO] Zo], AAlE, W o) xS A3
R R R

Sick. APl U8 fESek At He A%t

ut

ﬂl

d

o o b
B}

;9.‘ o\j
o

~1N 1
ofh

d

& nolsi) g e Aolael 5, WA, AN,
el hetsk gol, Ak 5o o, ol Basl
Apgolatdiol ] $EEE §E40} fARS mojgih

VFSMOD-W Eﬁé% Infiltration %<&, Kinematic overland
flow X5, Sediment filtration &= A EoIQlc} (Fig. 2).
Infiltration 52 Green-Ampt 25 W42 0] &3] =
2F dl 2yleako ALASHE, Kinematic overland flow 252
;1—‘,5—%.4 G247} 8-==2 AAFske) Sediment filtration B
5o AolTtlE ST A olET} HHS mejg
(Mufioz-Carpena and Parsons, 2014).
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Fig. 1 Source area and vegetative filter strip in VFSMOD-W

Filed/Source area Vegetative Filter Strip
RAINFALL
T /i T
N y E
/ Overland \ . . \
\
INFLOW flow | Infiltration I
\ / \ module /
\ module , \
/ .\\ ~\_///’
PESTICIDES ) LNy T
\\ Water / \\
/ " quality/ Sediment
SOLUTES ——-" pollutant [P |‘ filtration
transport module 4
COMPLEX / module p
MULTIREACTIVE < >
POLLUTANTS T
OUTFLOW

Fig, 2 Schematic diagram of VFSMOD-W

o} SRRA Qextz
= A& 4 2AF ATHE WHedsto] VESMOD-W o]
2 93k AU 0.2 AAE}ST} (Table 1). 7927} 749 %)
AR St SEI AR A Algdhe g ‘:—‘71-0%5
5 ARgsto] 60 745 z]+A]7L4 10, 20, 30 75
oo #55Hs 31 mm, 57 mm, 67 mm AAtAom, =
5, B S 12T AnE Ae) Al 2 ek 27
= tjofgt 27102 §592 wo] 0)xe JFe Uepy
L ONE 60, 74, 8602 ARt o, CN ZHe =]
AA WS T A7 2700 e 2 oNgle o
3t 7]&9 B3 zuste] AA5HTt (Han et al., 2015;
Woodward et al., 2003). A== U] A2HA] FAE &
HRre L2fsto] el AR A S| 220714 51?4
ab7] QJste] 2~20% W& WS MAstch Ed 2%
SWAT 1 28 A] & AtollA o4 Slsh A4

UHAZS0] SWAT W of ofmel uj7ljael =9l

L

.

St = QU=E Table 10 SWAT =& o 3 wjj7fs

D el B B AN T

w2 kS UrE} JE (loam)2} AJE (sandy loam)S 117
stgom 3l 2l AL Q3 ko A= ZF 2 13} 09
ko vigkslo] QRlelaict, ABEI SAF WAl 4
S 93t Al USLE EQFREZT|AQIA} (P-factor)= 1.0,
choFst ;i}n S 1T 4 Q== EoFuE IR} (C-factor)=
01,03,058 A83|5Lom, AU WO e Aoty
HA H| (AR)% 05~10%5 Y9 A= ARESIGITE 252
U AR E e R JE ARSI (Choi and Jang,
2014; Han et al., 2015).

19 A E=EE fIRt YW VFSMOD-W A3
3 AitE= AT R §-AE= S5 (tunoff loading)
I} SAFEF (sediment loading) = 3] £4] RmElo] Qeiztg

s 5 A
& o &4 ols

AAs}gch Table 1] 394 E&&

Sgsts)=y 2618 A6E, 2019 « 11



Table 1 Description of inputs in the VFSMOD-W and regression models

Mode! parameter Attribute name Parameters of Used values Number of model Total scenario
(Notation) SWAT parameter phase number
Rainfall (mm/60min) rf PRECIPITATION 31, 57, 67 3
CN cn CN2 60, 74, 86 3
) 0 (Sandy loam),
Soil type st TEXTURE 1 (Loam) 2
2. 4 6, 8,10, 12, 14,

Slope (%) sp HRU_SLP 6, 18, 20 10 3X3X2X10X]
USLE P—factor pf USLE P 1 1 X3IX1IX9X1 =
USLE C—factor cf USLE_C 0.1, 0.3, 0.5 3 53,460

Ratio of VFS area to 05, 1,2 3 4,5, 6,
source area (%) v VFSRATIO 7, 8,9, 10 M
Source area (ha) sa HRU_FR 0.05, 0.25, 0.5, 0.75, 9
- 1,125, 1.5, 1.75, 2
Vegetation vg - Turf grass 1
Runoff loading (m®) rl - 0-12.6
- - VFSMOD-W outputs
Sediment loading (g) sl - 16.8-5,932,000

(atribute name) & 2] AXI5}. 00| EoprEriaelae} 4
0] 9= F71) gk 7HK17] o] A ol
R Lol 974e] W45 ol gle] Qleixim g TSt
Helsu, Aaolatele] $4F A7 E8-E A 27
A} Ast7] $18) VESMOD-W 23] qlein Zeixng
Fasielo0], HPBTA AHS 1T dennns 387
22 (1f), N (cn). AR (sp). £ (st), EH 1A (e),
NBE B (o), AHE Bol e Apoiaie) B v
(V). $5% (1), SAF (DO % 97olch
2. ®st M

EECRE

SFEAL HolElol] ZTH T WMot & ke st o)y
o WAE Alo|o] BAS G402 Fasle] YolEE 1t
WA HAsH 7)ol ul, dl=gkat A4 @A) A
T2 H2E She el BFRA el HaATe)
2AES sEst oz

3)HAL 4= (coefficient
shrinkage) ™} ¥4=418 (subset selection)?] HHo] itk
78713} (regularized) A1 % 3] 7 -2 A3 3] A4 (weight)
of tigt Aok =S F7IFFe2H o] TestA| 2|23}
= @S o= otk B0 4‘50}71] 2|43k W
3 Ao =27 ]E WE=sHA 71k ZHEFe] Uebdt et

B R T S PR P
o} 27l Ak ol e, 9 S, ek

Ul W E9] 3712 "ol ARGt
Ao A= ol (python)] Abe]Zl-d (scikit-learn)
7)Ao A A|E-5H= linear model S22 (class) W 47}14] 3
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ot El>’ ok
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ﬂI

dlo

[

7t 2tRol JHR

ehat 7HEAe) Arg 3

ARESCL

29 AT E =o|11, FA|9
ghs eE) x} AZ4E B3 o3 mY9| 4

Q3 Hae

inearRegression, Lasso, Ridge, ElasticNetZ A&
o, S50 HIAES F'E AR #21F Hsie Aol

A|-&5F= model_selection S22 9] train_test split
45to] N (random) 2720 80%F =237 &, T
9 st Lo 20% e HlAEsk A5
PD}- HAE AEOA mdls Frito=n oafof thet 5
2he o], o] ghe olHe] £ Ho| gl ARe AZo|
041:!]—\,]— A ZPEH]—Z]

b gtk

N A
jﬂ ]

]
A
A

=9 74]#%

b o b

2o 271X A2} (Park, 2013; Robert, 1996).
20| SHAI FAFE ke A 2w o A

E

i=

E(yz —B,— Eﬁﬂ:
i=1 =1

ﬁ Zﬂ/xu +A E|ﬁ|

@

.;)? subject to J;|ﬂ-’|§t

A @)OIM ne 5 A 45 P = AW W] <y e

%
As7) il

i

A W] W TR, 6.8, = FTAGS
_]

= ofn]stny

4 o 0 HE (scale)ol] 9J&5}7] wfo] o] BAS
F23HE 7HS ARgslt) g, o) Ao
dHol7] ‘Iﬂ—coﬂ oJu|g F

Al =t A =02 39 Al



BEE - SHEE - el - ABA - UBT - TN

2719 FadE 28shs & 25 (tuning parameter) O]t AepE YIS A @)oY o] Aok} 7 37
9] AollA A& = RS, AR t gho] Zopaa A0} Alofe Akt Woltk 2hare] ggFeo] gl We]
= 9ol gle W9 AAASE 008 vhEo] A4S SAATE 0.2 THEo] AeS Fasto] HapAddo] 7k
Sax5to] W= o] 7k, t gho] AZSS 397l AT e A0 AAA dAA 2718 &
gt AoF (penalty)e 4] 93| ol AF 2|4 & Aol =& A% W gls f WeES 1

A= 74 =} (Kim, 2016; Hastie et al., 2007).

ALl A% 714 Aot 27108 Bigick % 4% v

T Alolol] =2 AT A 7ol #A4h A
yeis] 440l 00] 771 ol ol Al F5e%ol
U9 LA ik S SARAE 1 A% B (b9
FE ol Ak 5l8sto] AAA IAA+ 275 F4
3o 2 thEF A4 (multicollinearity) o] ZA|E sl A% W
ot} (Hoerl and Kennard, 2000).

53 IAEAY A RS Tohe A Q)2
3t g

n P P
_El(.% =B = leﬁj:vij)2+/\221|ﬂj|2 (€)
i= j= j=

P P
—B,— 3 Bm;,;)* subject to D [8,|* <t
j=1- j=1

DA n, P,y 0, 6,2 R} wpRz ol 4, =0

A= 279 = z/\akg 24BN 2 m2o|th 9
Ayt 2 ERER, o] AYSS ARASY
ol yobe SASE 0l Zle] i) ojof 2
SARAE A, Aok 2242 olg3te] B4 2
S ZaFoRH J5RAES B Wil A
3 BARAS A Hdh BoKssh] W) BE vt

ol Eg=lo] mPo) et shA2o] HojAek: do]

1__1__E!

_I_.:le‘/‘\

Aekrg Yo ehrel BAHS F25] Slotel 59 9
AR F& B2 AFsto] 1R H7e 4 o]
o 5 /119 kG U A Sl At 2o

HM

—B,= Zﬁ% +AZlﬂlﬂzlﬂl2 “

A
A @A 2B a=—— 2 X3Py, detAE Yo g
A A,
UE g2 4 5)AE THE 4= Qlck wheba Aekag ylof
A a=0 o]d 58T, a=10]W et} gonz dupa

gl
A3} (convex combination)o]] dF3}17] wfjEo) 55 3] FEA]
T} 249 HE-S AT 4= 9Tt (Zou and Hastie, 2005).

45Tl e

- o=
(correlation)

Oof AA= i]% ZF 245719 /\h_]—q—zﬂ ao; PAPS!

ofzht) §9 FAF (o] 05602 FAHL B (ste)o]
V2 GgEe 2o, g0 el W ¥l ()

© 0392 ofS AHHAE, Y 5 ()2 038, BA=
(sp)= -0.369] =9 AUBAE LERIc
AR B (ste) 2lof ZF A HpE3te] A
A s, A4 ol F9 fARE (DI £ 4 @)ol
AR o] 0582 2 Wt ofye} AJFE HA (sa)
F2 A BT G2 2 7041, 06622 Ueit.

E3FCON (en)ZH= 0.27, 0.482) ZHe 20 2H 3|92 o)A

A E

EL4E 7o) 4% AR ek A1) cheEa
Ko) ZAGTHL & 4 gick 71 9] 2t 4o Yfat AR
e Table 18 skl B3 Fig 3004 7F 44521
AR FAO 24T 4 it

7 S450] S Rgel F e 34 Ak
So] U2 UZE BHS B3 BE HASS dEusE
AR Aol SARG BEAS AEdhe folihe o
S glglon], AT B B AN A 5 ol A2
7] SlaA 7 S7ke) 2 gk Ul oo sk
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Fig. 3 Heat map to analyze correlation coefficients of model attributes and sediment trapping efficiency

Table 2 Regression accuracy of training data sets using converted variables

Converted Variable OLS LASSO Ridge Regression Elastic Net
All 0.942 0.941 0.942 0.912
Remove rf? 0.941 0.940 0.941 0.911
Remove st 0.941 0.939 0.940 0.911
Remove sp’ 0.941 0.940 0.941 0.912
Remove cf® 0.942 0.940 0.941 0.911
Remove [log(rv)]® 0.942 0.940 0.942 0.911
Remove [log(sa)]® 0.941 0.940 0.941 0.91
Remove rl° 0.941 0.940 0.941 0.911
Remove sl 0.936 0.935 0.936 0.904
Add rf! 0.941 0.940 0.941 0.91
Add sp’ 0.941 0.940 0.941 0.912
Add cf! 0.941 0.940 0.941 0.912
Add [log(rv)]° 0.941 0.940 0.941 0.912
Add [log(sa)]* 0.942 0.940 0.941 0.912
Add ri° 0.942 0.941 0.942 0.912
[log(rv)] — rv 0.941 0.939 0.941 0.911
[log(sa)] — sa 0.941 0.939 0.940 0.910
soto] A= 45 2570E SFskar 2F41Q1 4 (9)ell Fhof| thgt 7HFet @Ok Table 2] Yeffigiet. HEkE W4
Mo} 2o 417 BTAS AgEsick 257 el st Wk 4] 2 AASAY 371Re Ageta ulx] Wpse ED
oAl Al 4 9k s QJejslo] sAtrol Ao 51914 Hotwg e
A7l ArgRigol tieflA] Apa=et IS Sof| e 2 o8 2 AoA AAg HEEe S dEstaat
ol thgh RIS Addste] 11 Hapss AAsIGaL 14 skoich
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Fig. 4 Verification of regression equations with variations in alpha values using regularization methods

2 AFolA AR RPN Fatt R
(hyperparameter) ¢l &} ()5 24 8l= A7do] o]Fo|FaL
2 sk el 2SS 24 (tunning) S wf A
of Hl= 270 9= w7l (parameter) @ Ee] &
aEE —TLfﬂ ﬂrmﬂ/ﬂ ARgEE ez Aol osf sl
g 2§l pRellEA 249 g 2 "ok
HyHtH o] ob}l— th] [e) 0411]-14— u}-o] :ﬁlxﬂ‘o‘]—x] xx—!s].:
o= duprt ofF A HH RE 7R AL 0o 747t
AT, 8% HolEle] A $HH0l e o
Fig. 4ol 8157} B2 g3to] ohuigre] Ao

2 s B9 A Ane nusc

29} S| M L dutgho] 0001 HEATIHS o
A e REES ety shxe dekag o] Ha
£ Apro| o A%9] A9 duigre] 0019 ©f AT}
ohlzk 0.001 Hohe o =& A3w0] 09175 HYoz O]oH
T O WALE T AT LN Zoh
Q1 huighe 0012 RO <3 BAE Aol QloiA
o £2 4TS 4 4 UL Flolth S & Ao ML
SFEARA 7H £ AiEe A3l HIAE AmoA:
ki A QR ol B Fukgk 0.001004 =2
SIS HeJo® Qlef, et BY HlawE Sl FUT dut
AR A B dubghs 0.001 2 A gskal k56t
k.

l-N' _EL

2. mo| Aut

2he Aox] 7|E s 209 AlA A 24285}
o] & Wske gokzs = glolow niRlzix| = detig vle]
A= HaAlwy Y 59 39 24 Hoh o A
AIE el A= Z8keiTh (Table 3~4). 349 HE5=
Slell, WA e 7H mho] score F4E og3to] A
4> (coefficient of determination, #?)E 311, ©F 7to] o=
Qo] vlu 7} golshH 1 A2} oba Wol AME=
B 2 A E (Root Mean Squared Error, RMSE), Z 4+
Q2| & (Mean Absolute Percentage Error, MAPE)-S AM2-3}
o] RS oAt H=E skl

AT Ae=e 1o 7S, LRSS 11 4ol
ASeE Hoh A2gt oS8 g 2o R PrkEY, 539
Afgt o2 1Y 7] o&2ate] vt §olshal,
a *E]FJ} FobA Wo| ARBEE SAFSRE 10% nlgto]d

1> Ags) of 2 1, 10~20% o] v A Hslst
A& b}EHHE] 20 50%°19 Bl el dEee &
4= Q3L 50% o)l FAEE ofSoletal & 4= qlrt (Son
and Park, 2012).

B7HE 3t e ARt 2AgHES 4 (6)~(8)ll
A =g qlom, Alike fisto] AfolZl-E metrics Zho]H
2]2] 9] mean squared error 3HpE 0] 8-5lo] Wt AL
I} Aot e A3k

e
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AT RAF MY S8 AEE A% FE ger
Table 3 The performance of regression methods
Method OLS LASSO Ridge Regression Elastic Net
R2 Train set 0.942 0.941 0,942 0.912
Test set 0.940 0.938 0.940 0.908
Number of attributes used 25 23 25 25
Table 4 Error results of regression methods
Method OLS LASSO Ridge Regression Elastic Net
. RMSE (%) 7.24 7.31 7.25 8.91
Train set
MAPE (%) 14.86 15,04 14,89 18.07
RMSE (%) 7.29 7.39 7.31 9.02
Test set
MAPE (%) 14,62 14,82 14,63 17.77
LASSO

VFSMOD-W Sediment Reduction (%)
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Fig. 5 Comparison of sediment trapping efficiencies by (a) OLS analysis, (b) LASSO, (c) ridge regression analysis,

(d) Elastic Net and VFSMOD-W model with test data
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