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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
dleviating runoff and sediment. This study was conducted to improve an equation for estimating sediment trapping efficiency of VFS using severa
different regularization methods (i.e., ordinary least squares analysis, LASSO, ridge regresson 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
hydrologica models in order to estimate the sediment trapping efficiency of VFS in agricultura fields for an effective watershed management in Korea
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& Bof Y R fEA] B 1
PRsSIANE HA|Z0]7] uhel B Pl A7} o]
2L it (Golkowska et d., 2016; Keessra et d., 2018). 4]AY
ol et FE AN - A Alof] Lot = A= AR
A3}7] Y5t 7o g AZA] WokEoe|| u] moFo s A3
& A E @etkct (Schmitt et d., 1999)

2|ze] Apgolzi) Wae Abgehs 2L T8 4ol
o) AAE YA FolRte Z=a5)tt (Park and Hyun,
2014; Pak e d., 2007). AAJodate)7l BQ ooz FA
AAECE 22 Zu] WRo] 7FAsle] AALEFo] AT
W Aol U 22 2 AAAT 7)) o
Ste] FARAIR EE2 UehiA Eof 8 ol & ol
E)x] Zgitt (Han e 4d., 2015).

A vy 29 Adelld oo FEEL Qe
SWAT (Soil and Water Assessment Tool) 23 UjoljA]= 4148
tjol] ofgt FARZE B8 ROsh=t] qlolA] AlRjojatre]
SRk arshy] wiZo] AR A &E Wojof] QlojA
AL e Ao BetElo] Bek AME AL | 9Jat
of2] g-50] o FoZirt. Pak et d. (2008)2 4404 3}H|<]
23} §EFS olgsto] HAAY BES AYEtgon, o
sgeto] 484, S B9 Adeln waY 44

=T 0 T T
LALEFS o] &5lo] FEA1S &5t (White and Arnold,
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2009). Hen et d. (2015} 9] AR WA o whabshs 41
Pk APE Wl st Aolzthel MHlE e
Aointehe] fARAZ BEE AR ubrL ol Et
T SF R 4 A 200 S S R A
o Qlsh A4 Bl FAEE Alofat A gl A
ojs AASIel HAske wde A= Sk
(Khatavkar and Mays, 2017).

dfole S FHAE dae R o Adette)
SAVIG B8 ROIE] Siot AR AL A 9
3], Uukz 9l ZAAFH (Ordinary Least Squares, OLS) &
ok ofyg}l 2}A (Least Absolute Shrinkage and Selection
Operator, LASSO), & 3] &4 (ridge regression anayss),
Wehre] Yl (Elastic Net)o] 47731 HHEES olgslel &

% A4 WA BA, MEe AU 0F BA L fel) 4o

U2} B0l ALBEIL Sl SWATOIA AREhe A
agd Hof 3s o A w2 AS mEsha S

olE sl =l BAA EAdE At o7 7] AlvEl e
£ A5kl VFSMOD-W (Vegetative Filter Strip Modellng
System) =R Asela 1 qleigal A At 5 FAE

HAE ARES 3 4% T 9440 ol APES
A g5t

Bes] Agelntdlel &, AQERNE RE% § 54
.51 Sl ANERL A Sl o, A goiatd £

ko i 1 gholbis 25 At 343 (v
A 5 9 A A AL A

88 3 SNAT Bl Bojsl g Aol 4t
ARF g o|%0) S Sueka Tt Aol A8 4
QLA Folck

|. Zj= 3 9HH

1. 29 e ¥ YHRE TE
7t SWAT % W AlMojaic 25

SWAT H&& n| A a4 (USDA Agriculture
Research Service, ARS)o|A] 7)ist G-k mg oz 7|A4¢
A (A e, 718, B, Az, ASE)e EX|o] 8,
EoF £4 18|71 £X#E1RY (DEM)S YEARZE 5o
7] 9%, 94 9 HHeaUe) AT 5L mojgith. SVAT
o] B8e clersle, AMelatlel GG BRS B
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ofst7] 1A Bol AMETL Glom, 7] SWAT 13 W
VS mgol A Eiele SAHIE B8 A% A 9] A
AJ3}5ick (Bosch et al, 2013). 43R e} 2o, Aot}
thel AR Egol JaES mIX| Tkt QA e

? glol s AAelmhle] Eak olgstel fAL &
29 Agaitks BEAo] WAyaik

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

A7V, trap, = SAF AR & G901, widthy,,,, = 4]
Aojiito] Zow VFSEEAL o] Zo AZHEES A
et Q.

Lt. VFSMOD-W 239l I

VFSMOD-W =32 A3 % EJ% myo g Ajofaty

ofqe f= AT AR B8S 2od 4= 3len, o
ot AAAES S 23 Ag=rt ASEHAY
(Mufioz-Carpena €t d., 1999).

VFSMOD-W 1.8 A7) 749of o3t 9] fwg of
afol, chopet 271e) Aolnithg melg 4 LS 44
24, o, Ak, A% B4 S| Aotad) Bl
gk ohet BT B A} 27] 5 CRRE AxE
Hxjo] 7Pssi) o] By AP u}% 2oz Ao}
ol Ao 6% A%, AT aeS wojdt 4 glon, o}
oI AY APS B 2P| YewS PE vk ek

Fig. 10041 A @Eek A)4olateye] zieket EME& Ao
E 4 9low, VFSMOD-W 13 9] ExmnE AluH
7 W AT U 204 A A9 z;%x
F, CN (Curve Number) 5 7Z-$AM 9 G20 93
A, ARz do), HAE, A 59 *l?ﬂiA A%
AL BAL A7) T AR Eokuk OJZP}
ok Aol 2 GE 57 FAl iRk Az
943P | 913t ARt mE Ao Y] &, WA, HAE,

Aol 1+A Tt 7‘01, Z2=AG Fol Yo, o]F &5}

ool A fEEE &Y S Zogith

VESMOD-W Eﬁé% Infiltration =%, Kinematic overland
flow 25, Sediment filtration &2 A% o3ith (Fig. 2).
Infiltration =52 Green-Ampt A& WA A4S o] 8alo] A&
2F ol zyleako AMAshE, Kinematic overland flow 252
Ex0] o2y 0Zako AXAFst) Sediment filtration 2
2 AAoITZ 398 G o5} HHS mojgict
(Mufioz-Carpena and Parsons, 2014).
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Fig. 1 Source area and vegetative filter strip in VFSMOD-W
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Fig, 2 Schematic diagram of VFSMOD-W
Ch 32N U= A 21 4= QTS Table 10 SWAT 23 W - ofj7sis=
Y AR BA 2AF A7RE vkelsto] VFSMOD-W 2.9 He @7 A8
2 93t A} 22 AAsTt (Table 1). 7} 74 X B W A F sl B9 =W AR A 7H

&AL S SO RN AFets SEowE B g HE YE (loam)o} AFYE (sandy loam)E 117
2 AMgalo] 60 719 A|&A7ke] 104, 20, 30d ek oten 37 md A4S $let siksollale 7 7t 13t 09
o)) djgdsl= 31 mm, 57 mm, 67 mm=E AR5t on, B9k Aazro g Walslo] sl AF oA GA} 2R A}
T, Exjolgx 1|1 AlgulE 7] Al 9 S5ska 27 AL gt A&l USLE BEoFH EaQ17} (Pfactor) = 1.02,
=t 202 9 Foer vl ujx]s gkS LRy oFet ZHEE 18T 4~ JEE EuE IR} (Cfactor) =

L CN: 60, 74, 8602 AA3t3ic). olm, CN e 2y 01, 0.3, 052 ARgstglom, A3z WAo| tiat A1 o]z
73‘”11 ST AFgoz] T2 22 ONglol o W4 H] (AR 05~10%E 12 QA& AMgslort 258
3t 7)1&20) 23S Zhuste] A4ttt (Han et d., 2015 U AR E e g2 JHE ARSI (Choi and Jang,

[e3

Woodward et d., 2003). AAMEE <] AZ2] AALE B 2014; Han e d., 2015).
3 Eslo] Ykst AR A FHAR] ZAZA] 194 1 9] A EEs 9lRt dEHaE VFSMOD-W A3

S Sfstel 2-20% WO WelE AASch wa 2F T AN A4elsE Y5 $5 (unoff loading)
SWAT 25 A8 A] & edold] HARAS gJs) g T-RAR (sedment loading = 217] B4 o] geitaR
Qe S| SWAT R3] ofual st BAsigl  AASIT Tale 10] 944 E5E 913 34 &4 ol
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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
Soil type st TEXTURE 0 (Sandy loam), 2
1 (Loam)
2. 4 6, 8,10, 12, 14,

Slope (%) sp HRU_SLP 6, 18, 20 10 3X3X2X10X]
USLE P—factor pf USLE_P 1 1 X3IX1IXIX1 =
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
- 1,1.25, 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

(attribute name) S 7o) AJAEkon EokH Erjaolzol A
o) A9 W kg 77 o] dgwsas oozt
oL U] 97)9] W5 o] &ato] YRS AT

e, APolgiele] $4F A7 B &S ANe: 319)
A& A 918 VFSMOD-W 23] ojeiut exas
Zeopion, AFeA4 e At dRtRRE SEY
3 (), ON (o), BAME (sp), B4 (&), EFTEAA (),
NHZ WA (s, ARZ WHo] et Algolate) W )
V), 7% (1), FARE ()22 F 970l

2, gzt Mzl 2Y

3| FEA dlofeof 23 g Wt E TR s o4
Hps Ato]o] TAE Ao g wdsto] dlol|E 7t
SHA| A8k 7o), olSakat AAIRE «xko Al
I Ham sk GuHAQl Sl el FaAlEH 9
FAME dfdsks HHeR 3HAs 45 (coeficient
shrinkage) 2} W44l (subset sdection) @] HHo| Qlch

78713} (regularized) 413 3] -2 A% 3] A4 (weight)
ol digt At %7 4% ?—7@2@@ wo] TwslA 223}
S B4 B Wl mae) Awsh A4siE 2
g A%o] 27| %ow 275K ko] Urepdet. we
A AT oA Sk Aok 2AL Ak oE A
o 2718 ARkshs Wolw, 2k, 59 Bl Aoty
ol HEY 3741 o] AMgET

2 QlpolAle sol (python)e] Abo]21-2 (suikit-leam)
3j7] X of| 4] A|F5k= linear_modd S22 (dlass) W 47H4] 3]

o v
A
<
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H $H¢l LinearRegression, Lasso, Ridge, ElasticNet-2- A&
Sfg00], St HAES 93 AR HelE SlajHE Aol
Zl-H ol A A|335H= mode_selection S22 9] train_test_split
45 ol-gato] A (random) AR2| 80%F FE 7, o
ST mS AAAEI] LX) 200 AR HAESIL 1%
Sht}. BlAE A=Y BRI BRRO R oXjo) that 5
Beks o, o] ghe oo & Ao] gl= A= M
sao] it % 2EUA o 4 ek

7t 2tol e

gt 7R 9] Adigh 3 Haskehe AS F7HAQ
Aok 270 & s, IHAGE AAH R F4
HHPO] AL F o]al, FAlol| HpAH o dFo] o
a3 WS Age] ALEAE 53 oS BF 9] )4
g8 Z7HAZT} (Pak, 2013; Robert, 1996).

2p2 0] S| fAS FAHFS ok 4 Qv theat Zrh

E -8~ Zﬂ,xt, +A E|ﬁ| ©

i=

E(yz —B,— Eﬁﬂ:
i=1 j=1

ﬂ.I

,;)* subject to J;Vﬂgt

A QeI ne D5 ARIE] 5, P = A W90) 4 4

A o] i HA WA, 6.6, = IAASE uishy
X

4 W4 1, 0] A (sl o251 e o] BAE
s 9190 o, = HESE b g 5,9 FAEe
yzo]7] whiol] ofug £ ehet A, =02 37 A



A719] FA4%gE 286k 2& B4 (tuning parameter) ©| T
9] Aol A2 t2 EAEET], AR t gho] Zopd
5 FFo] gl W49 3HASE 022 vhEo| e
Zasto] Wa= Aelo] 7hsate, t glo] ARGRE 3| A S|
gt Aok (pendty)S 2] A =o] A3 3]} 2
AYE 74 o} (Kim, 2016; Hadtie et d., 2007).

Lt s3Il e

SRIAE /EAES] AT (souered Sm of weights) &
23R AL 27l Alof 20w s}ou = 9w
G5 Afolol] L AL AT A9l BAL A

0] Y2lo] 0o 7p7he: glo] Elo] EHMIT«I el
oS- kA STk 5 SIAEAS T A wa (e o
FE o= Ak sgsto] AAHR SAASS 27E
sto 2 tE3AAl (multicollinearity) 2] A s 23!
Holt} (Hoerl and Kennard, 2000).

5% A IAAG FAFS Foke A 2t
3} .

Za
o

n P P
_El(.% —6,— leﬁj:vij)2+/\221|ﬂj|2 (€)
i= i= i=

n P P
> (yi—ﬁu—];g,.x”)z subject to ];|ﬁj|2 <t

A Q)OI n, Py, 5y BHES} BRIZRR] OB A, =0
<= 99 Al 3719 SaFe 2dske 2& Yol 9
Ao, =t 2 BFEE, t gho] AZRSS A
Saego] Wokk|w sjFjAl= 00f] 7h7to] i) ojef 2
% IASHS A, AleF 2= o835t BFAlee] 2
g 54 ?'E.Li’%i A57e=E =9l Witk st &

3§ 3 PEAL Y 247t Bl glie nE W)
2go] ETE] o] E‘aﬂoﬂ jst s go] Golrk= thyo]
AR}

S8517) $lste] 54 3

2o
Ry fe
r i
rﬂ _II-E

& At} 29 W ol
o &, 7o Aoz gt Al sl Aok 2o R
7121= m3o|t}t (Kyung, 2014; Zou and Hagtie, 2005).

HM

—6,~ Eﬁwu +AE|ﬁ|+AEIﬂ|2 “

kel e 4] @AY ko] Aokt 57 37

& AR wpelt. ko] gl gl W
A 005 B AHIE Sadjel e
=

of RhEsh= oItk

P P
(1—a)_21|ﬂj|+a21|ﬁj|23t 5
J= j=

A (@14 12 o=

ge g 4 Y FHD 5 ok geby Aekag Yo
A a=0 o]8l 5HBIH, a=10]9l ehaet gon, deis
SE 0= o= 1] St 2ot 5 AL 2

E]
3} (convex combination)o] aj55}7] wjiol &
) 2hao] wleg 24 4 vk (Zou and Hestie 2005).

Sl AR A 7 e A o2 A4
ofttr) £4 SAF (d)o] 0560F FAAE HE (9]
H 2 oaree Folm, theo: Aelai) WA v (v)

(sp)= -0.369] 9] FHEAES HeEhidc

AR B (de) 9ol 24 X M-S A s
AR, A o] 9 AR (d)2 T"r?ﬂ‘ %4%‘: (Mol
A& Aol 0582 =2 Wt ofzt AIY
=0 AFYS BYT 1 ke 7t 7H 04, 066_EL}EP*E}
E3FCN (cn)4~ 0.27, 0489] ZH2 HYJo2H 37404

EYWUSE 71o] 8 ABTAL ek 2419 B
ol EAlRtekD # 2 3lck. 7 91 7 £40] e A
Ao Table 1 Fwshd H1 Fg. 30)A] 2 £4E571e)
ABAS A BAT 4 Uk
2} $450] SAAY Bgol T 9L 24 A,
S0 WE WPE R4S B BE MAES dHsE
AHEHE Aol SAA BEAS AESHEY folihe o
S olglon], AT B U AN A 5 ol A2
Q7] 18] 2 SAgte] 2 A Ul thRoRo) Hake

S2E3e}3) =23 #6148 A6E, 2019 ¢ 13
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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 0.91
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 0.91
Remove [log(rv)]? 0.942 0.940 0.942 0.91
Remove [log(sa)]® 0.941 0.940 0.941 0.91
Remove 7I° 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 0.911
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 7l 0.942 0.941 0.942 0.912
llog(rv)] — rv 0.941 0.939 0.941 0.911
[log(sa)] — sa 0.941 0.939 0.940 0.910

soto] AW 75 257 = skl 2E4181 4 (9l Tof| gt 7Feket Qoke- Table 20 YehSich Heke Ha
Aot 22 A7 A APkt 257000 tiet W= A = AASHAY F7Hke AAstar umAl MasS 7|E0

=2
_)1:
i
=3
e e
<4 ofl
pac
T

SARAN Y G A

4 Jo oft 1
e
ol
o
)
rl
I
ofr
ol
2
J?L'

A Aol tlA Aok 2awg o te 2 W R clpold Age BaEe Beae YEsiud
o chet WAAS Astel 1 WSES ST 1A sack
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Ridge Regression
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0.8 0.85 0.9 0.95
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Fig. 4 Verification of regression equations with variations in alpha values using regularization methods

oAl AR AARFAM Fagt zdriHs
(hyperparameten) ¢l 2} (o)& 2748h= A7l o]FofAaL
2ElS AP oA Hdss 24 (unning) e o 7S]
of S= 27| 9= w7 (parameten) @} 22 o
s ?Lfﬂ TWOM ARgEE ez Aol osf sl
daL 2§l el A 249 g 2 "ok
H Hu:] o] 01—4.1— EE“O 04u].1,]_ u}o] ﬁlxﬂﬂx] xx%g].h
o2 dupy} ofF A7 HH HE 7RSA7E A9 09 71t
945, 4% Holels] B2 A SRl S gro
Fig. 4] k453t el g3to] Qhuighe] Ao
2 RS S 4 A s
29} S| dutglo] 0001 HETIHS
P e TS vehgick she dekag v g
E Ao tht B%e) Ao uizle] 0019w =
ohuigh 0001 ¥rhe o -2 A3heol 09178 HQlo R QI3
Yot Ao R ekt Y AT Aol A
Q1 ulghe 0012 RO Q3] HlAE Aae] glol
B £ ANE 9S4 9 Aolck s B Aol
setRolA 1 2 FTES U HAE AR E
AeAEE AQJRE Bfolls B dulkgh 0001004 &2 4
S HYo® Qlsl, Aqfet 1y vjaE fjsf T Lt
& AR shaA B dukghs 00012 A)7g3skal Sh5st

A

\‘ l-N'_EL

2. 3o At

2p AitolA 7|1E Mg F 200 AAR A 2440
o] & Wske gokzs = glolow niRlzx| = detig o]
A= Ay A9y 5% g9 B4 Ho o A"
AIE Uehli A= Zsleitt (Table 3~4). 349 A5=
Aall, WA He== 2F L] score o o83kl A
2= (codfficient of determingtion, #°)E 3L, 1 70| o=
Q2po] vl golstm T A7} oba] Wol AREE=
S A (Root Mean Souared Error, RMSE), At
2 2}H|E (Mean Absolute Percentage Error, MAPE)S A8-3}
o BFPETLe] o2} HEE vlwstych

ARAG Ae=e 1o 7S, LRSS L ol
22 url Aol o228 Zhe Ao g By, E3
Aot LA WY 7ol ol &2k vt golstal,
T AFETE FobA Wol AMEE SAFSR 10% 1ol
- gekelt o5& UEhfaL, 10~20% o] Hj w2 e

A& HehH, 20~50%0]H vl A 2|2l 5
3L, 50% ol/dolH Frgegt oSoletal & 4= §lrt (Son
and Park, 2012).

B7HE AT 2= ARAe eSS A (6)~(©)°l
A fed 4 qlom, AR fisto] AtelZl- metrics 2ol
212] 9] mean_squared_error 5 ]850} Bt Al
I} At earleS Ak

O

I

e rSL' rﬂ

Sgss)=ny A61d A6E, 2019 « 15



- o [
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 (%)

VFSMOD-W Sediment Reduction (%)

100

®
S

@
S

a
3

N}
S}

0 20 40 60

80 100

Sediment Reduction of Regression Equation (%)

(a)

Ridge Regression

0 20 40 60

80 100

Sediment Reduction of Regression Equation (%)

(c)

VFSMOD-W Sediment Reduction (%)

0 20 40 60 80 100
sediment Reduction of Regression Equation (%)

(b)

Elastic Net

100 +

@ ®
8 3 8

VFSMOD-W Sediment Reduction (%)

N
S

0 20 40 60 80 100

Sediment Reduction of Regression Equation (%)

(d)

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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