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Abstract

The study was intended to simulate the sediment reduction effects of the Vegetative Filter Strip (VFS) in uplands of Saemangeum
watershed through VFSMOD-W model application. The model was calibrated by using the field data and the simulation scenarios were
designed based on the investigation of uplands characteristics in Saemangeum watershed. The simulation scenarios were considered
various size and slope of uplands including 1 ha, 5 ha, 10 ha of field size with width-length ratio of 1 : 1 having 7% and 15% of slopes
under the daily rainfall of 50 mm, 100 mm, 150 mm, and 200 mm in order to mimic the different fields conditions. The effluent reduction
ranged from 2.9~13.5% and 2.9~12.1% for runoff, and 33.8~97.0% and 27.1~85.9% for sediment under the field’s slope of 7% and 15%,
respectively. The VFS reduction effects showed different degree of influence from field size, slope, rainfall amounts. Based on the
simulated results, the sediment contributing non-point source pollution expected to be reduced in the condition of VFS constructed 10%
of fields in outlet of less than 10 ha of uplands having less than 15% of the slope.
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Fig. 1. Schematic diagram of VFSMOD-W (Seo and Choi, 2013)
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Fig. 2. VFSMOD-W algorithms and input data (Seo and Choi, 2013)
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Table 1. Uplands characteristics of Saemanguem watershed

Field size (ha) <0.1 0.1~0.2 0.2~0.5 0.5~1.0 1.0~5.0 5.0~10.0 >10
Ratio (%) 28.69 29.82 23.44 10.63 6.5 0.5 0.42
Slope (%) 0~2 2~7 7~15 15~30 30~60 60~100
Area (ha) 5,360 34,314 130,263 6 0 0
Ratio (%) 3.15 20.19 76.65 0.0 0.0 0.0

Soil texture type coI;r(;ers]Zn d Loasrzr}lf df'me Loamy sand Finle(:)::dy Sandy loam Loam Silt loam Sill(::rlr?y Clay loam
Area (ha) 0 0 21 16 839 12,949 172 431 1,052
Ratio (%) 0.0 0.0 0.14 0.10 5.42 83.65 1.11 2.78 6.80

Drainage type High well Well Little well Little poor Poor High Poor
Area (ha) 106 15,178 197 0 0 0
Ratio (%) 0.68 98.04 1.27 0.0 0.0 0.0
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I upland fields

(a) Uplands distribution

(b) Major soil texture distribution

Fig. 4. Uplands and sail texture distributions in Saemangeum watershed
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Table 3. Calibrated parameter

Table 2. Evaluation criteria of the model performance (Donigian
and Love, 2003)

Evaluation item Poor Fair Good | Very good
NSEofdaily | o ¢ 1 0.60-0.70 | 0.70~0.80 | >0.80
simulation
NSEofmonthly | _ o5 1065-0.75 | 0.75-0.85 | >0.85
simulation

o] @2} 77] W AF] % B7E=Eq. (1)°l YEPH Nash-Sutcliffe
o] §-& 7|5=(Nash-Sutcliffe Equation, NSE) (Nash et al.,
1970)2} Eq. (2)9] AAAFR)S o]-&51tt
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R*="357=1" 557 2
Eq. (DA Q=454 @2 2o, @& REASA

9] H-& ou|git} Eq. (2) oA SSR (Sum of Squared
Residuals)> &7 Aef| ola] AH == ¥, SST (Sum of
Squared Total)+= %5, SSE (Sum of Squared Error)= 3]
FAdof| ofafl A= A] o= W52 ou|]ict. Ly o] A=
2]+= Table 21 YFEFH Donigian and Love (2003)7F A A gt
AR S 71 0= st ZAAT= 19 7= A
80| RS ouljitt,

Table 3-2 VFSMOD-W 2 9] ol 7= B9 9]9}
HAAZE 22 Uedim, B9 o] B2 a5 AR

Module Parameters Calibrated range Final value
60
UH CN (AMC-1) 29.6~62.7
62.3
0.01
K 0.01~0.07
0.07
. 0.1
soil C 0~1.0
properties 0.25
VFSMOD 0.1
P 0~1.0
0.25
Sav 0.0133~0.5938 0.5938
VFS. 0, 0.375~0.551 0.551
properties
Manning’s n 0.012~0.033 0.012
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Table 4. Calibration results

539

Classify Experimental value Simulated value NSE R?
2013.8 0.72 0.740
Runoff 0.833 0.99
(m”) 2014.8 0.65 0.653
; 2013.8 140.0 131.0
Sediment 0.794 0.99
(mg/L) 2014.8 260.5 298.0
% qARS HASIAT B WA ESE o] 85t 2-04 3, 7o nat
AR Y O] A=Y= Table 49 2 oW, f-E7F9] 7
NSE 0.833,R*=0.995 YEFH A, FAFFNSE =0.794, 31 FEAMT EY
=0.995 Uehf Sl VESMOD-WE &g o]-§-5tof Afjghg A &7 2] =4
L rIt Auel 0 5 A galel 2T G EA Tk B4
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=W 22 A4S I o2 WO AU @ E s 50~200 mm 2] 7-¢- A8 Al 73 2] ol A ARt AT 74
o RETH NG A A BAA AEA 54 Aol gEY 2 49 T ulE R GERe 2R AT
st NRCSOIA Algoh= AARE v o2 228, & HA | haoll A 7%21 789 248 943 - &2
=5, TAE 52 Alicks =277 R of| A vlja-5Fol 245.5~1,544.2 m*9} 219.2~1,499.1 m® .21, HAF15%<]
¥ slal, 75Hd EQF 10| BQl 792 CN ¥ 95 ot 739-245.3~1545.4 m*9} 220.7~1501.3 m*& 212 e 9L
sty H&5aZ A1 AMC-1I AEjgEe 2 AA 51t &7 CF. ESHHA 5 haoll A 7% 739 2AT F9d - = /=
Z|9] FR =1 ha, 5 ha, 10 ha2, §o] FARS Z i} Zo] H]7} 22 1,230.5~7,708.2 m*2} 1,074.9~7,464.7 m> 9.0 ™, A}

1190 39S Mgk o n], BN ARk ol 71
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2 A8s5tr) vAz) U 2T o] e WAL Mo
Echut=3 H}E}o; 71 AA v& 2 TohE 2R 2] WA 9
10%E 11759 oW, 2F-2 S-ejutet 252 el of 717t
& EA-& UEH = Grass mixture S 2853} 75+ 50

mm, 100 mm, 150 mm, 200 mm Y722 -85t Hol&

bote)

S
N,
_IZ’L r_>|: r{m

i

15%<1 749 1,229.2~7,709.1 m*<}1,088.6~7,485.0 m*= 2+

Pas urEM o%u} WA 10 haoll HAF7%<] 7%

- O

W] vlgste] fEol S7Ist Ao, o=

24 74
2,459.4~15,410.0 m*¥}2,127.7~14,890.0 m
_n:], ZAF15%2] 73-$

2,457.5~15,420.0 m*£}2,160.9~
14,940.0 m°© & Z}-Z} Lpebyte,

Table 6. Calculated runoff (unit: m)

50 mm

A5 Table 5= AT o 28 a9 35171 Rainfall
F1o8 A8 2 Alute]. 22 Hehdth sl Area 50 mm | 100 mm| 150 mm| 200 mm
Input 2452 | 661.6| 1,095.2| 1,544.2
Table 5. Designed simulation scenarios 1 ha Output | 219.2| 624.0| 1,058.0] 1,499.1
Parameter Value 0 5ha Input | 1,230.5 | 3,304.0 | 5,480.9| 7,708.2
Curve number (AMC-1II) 87.3 Output | 1,074.9 | 3,095.1 | 5,263.6| 7,464.7
Area size 1 ha, 5 ha, 10 ha 10 ha Input | 2,459.4 | 6,607.1 [10,940.0{15,410.0
Shape ratio 1 : 1 (width : length) Output | 2,127.7 | 6,161.8 |10,480.0(14,890.0
Slope 7%, 15% | ha Input 2453 | 662.8| 1,096.5| 1,545.4
Soil type Loam Output | 220.7 | 625.8| 1,059.9| 1,501.3
Vegetative filter type Grass mixture 15% Sha Input | 1,229.2 | 3,308.8 | 5,482.0| 7,709.1
Size of VFS 10% of fields Output | 1,088.6 | 3,111.4| 5,274.8| 7,485.0
Shape ratio of VFS 10 : 1 (width : length) 10 ha Input | 2,457.5|6,613.4 [10,960.0(15,420.0
Rainfall amount 50 mm, 100 mm, 150 mm, 200 mm Output | 2,160.9 | 6,209.9 |10,540.0(14,940.0
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ol 200 mm= F7Fsl=t] Qlof -FrEd22.7~6.34] & 2}
o] & Kt} TLeut B ] Al A A9 1Akl
Hofl &% o g o g A2 e nx=2o=
LR T

Fig. 5-& 24 2 A0 a0E AP
A 7%2F 15% L w] WA AT} 73 late] wat 2.9~
13.5%%}2.9~12.1%2] A 240 ETE 242 ey
ek 2o] Ay @ Zof MR 10 ha, ZAT 7%0114 D73-$-
7F50 mm A A 2T o] HrEAF a7 7P = A WER
O Hit 2 B | ha, AAT15%014] 9739271200 mm
YR 2] 2 AT 9] & A7t a I} 7 A ek o 248
o] fEAA R = B2 FEF WA T -5het
&S Bk 242 27t 245 2 o A et
S7¥ohe 2 02 YEPg oy Ao Hslof mhE A7 et
=AM A 0 7 AA| e}, @A 2] F R A E o 240
ol FrEAd AT v 2= deFol Ao g ke Ae
UEHI AT 79382 7395 979l 57205 2A

FEATETE WA et o, d7-e o] AR
732 A o] o) thE F-EAH R Zfol 7t A7FF
o] & AETH A o= A YEET

0

O

o
~|
it
<
G
T,
i)

=1

[e:

il

3.2 SAIMZ £t
zAY 9] fEATET ZA}E FL5HA HHAL 7%}
15%°1| thal] & 732] 1 ha, 5 ha, 10 ha T2°f 50~200 mm2]
73S HAY A A 2] Yol A AR A ) -1 7 o] AR
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Table 7. Calculated sediment (unit: g/L)
Rainfall
Slope Area
50 mm | 100 mm | 150 mm |200 mm
'h Input 16.7 18.4 19.6 20.4
a
Output 0.5 3.0 7.6 10.3
Input 26.7 29.6 31.5 32.8
7% 5 ha
Output 1.5 8.6 15.8 20.1
Input 32.4 36.0 38.3 39.9
10 ha
Output 2.5 12.8 21.2 26.4
'h Input 52.1 57.0 60.6 63.1
a
Output 7.3 28.5 37.1 42.1
Input 93.2 | 102.8 | 109.3 113.8
15% 5 ha
Output 29.2 69.4 73.8 80.1
Input 118.4 | 131.2 | 139.3 145.3
10 ha
Output 49.3 97.2 98.8 | 105.9
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Fig. 6. Sediment reduction effects
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