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Analysis of Soil Erosion Reduction Effect of Rice Straw Mat by the SWAT Model

A4 g AZY . AFD - ANET . FAR - FES - QA

Jang, Won Seok - Park, Youn Shik - Choi, Joongdae - Kim, Jong Gun' -
Shin, Minhwan - Ryu, Ji Chul - Kang, Hyunwoo* - Lim, Kyoung Jae

ABSTRACT

The purpose of this study is to evaluate sediment yield reduction under various field slope conditions with rice straw mat. The

Vegetative Filter Strip Model-W (VFSMOD-W) and Soil and Water Assessment Tool (SWAT)

were used for simulation of

sediment yield reduction effect of rice straw mat. The Universe Soil Loss Equation Practice factor (USLE P factor), being able to
reflect simulation of rice straw mat in the agricultural field, were estimated for each slope with VFSMOD-W and measured soil
erosion values under 5, 10, and 20 % slopes. Then with the regression equation for slopes, USLE P factor was derived and used as
input data for each Hydrological Response Unit (HRU) in the SWAT model. The SWAT Spatially Distributed-HRU (SD-HRU)
pre-processor module was utilized, moreover, in order to consider spatial location and topographic features (measured topographic
features by field survey) of all HRU within each subwatershed in the study watershed. Result of monthly sediment yield without
rice straw mat (Jan. 2000 - Aug. 2007) was 814.72 ton/month, and with rice straw mat (Jan. 2000 - Aug. 2007) was 526.75
ton/month, which was reduced as 35.35 % compared without it. Also, during the rainy season (from Jun. to Sep. 2000 - 2007),
when without vs. with rice straw mat, monthly sediment indicated 2,109.54 ton and 1,358.61 ton respectively. It showed about 35.60
% was reduced depending on rice straw mat. As shown in this study, if rice straw mat is used as a Best Management Practice
(BMP) in the sloping fields, rainfall-driven sediment yield will be reduced effectively.

Keywords: Rice straw mat; Sediment yield; Soil and water assessment tool; Spatially distributed-HRU; Vegetative filter strip model-W
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Fig. 1 Location of the Hae—an myeon watershed
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Fig. 2 Schematic representation of the VFSMOD (Muloz—
Carpena and Parsons, 2005)
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Fig. 3 Overview of VFSMOD-W (Mulloz—Carpena and Parsons,
2005)
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Fig. 4 Input and output data of the SWAT model
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SWAT H#2 vs 574 sYA14(United States
Department of Agriculture Agricultural Research Service,
USDA ARS)9] Jeff Arnold (Arnold, 1992; Arnold et al.,
1998)59l &8l et 59T$] (Watershed Scale) ZEL
2A gt B FoollA A7t AR ekt £R9
B Bxolg W EXE] Aol wE aE% fAF K
dskehEdo] Aol gt B4 #e] B 5 8RS £9
Mo 2 AsE syl ffsto] L= (Neitsch et
al., 2005a; Neitsch et al., 2005b). SWAT =32 o|-835}o]
T 9 PES AR EAE] fliA AlRRE R
Hslsl= 71t (Y 749 T 71, 55 42 Adsw)
o FAH R A Bk EAo[§ds), Eoe, 11
i AR Fo| Baskt (Fig. 4) (Arnold, 1992; Arnold
et al, 1998). SWAT EFL FolA ol WE =
2 oHHed WY 9 ATY Al sH HEE EAY ¢
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2002; Jang et al., 2009; Jang et al., 2010).
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AAEE APgst F99] AA AFEA (FARE, AAPHE
aHsHA] ] wigel, AAl AFEALS 1HT 4 =
ArcView GIS7]HF Spatially Distributed-HRU (SD-HRU) A
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Fig. 5 Concept of HRU in SWAT (Jang et al,, 2009) (Only
one HRU record for 3 spatially separated land use
and soil combinations)
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Fig. 6 Concept of HRU in SWAT (Jang et al., 2009) (Three
HRU records for 3 spatially separated land use and
soil combinations)
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3. VFSMOD-W / SWAT 2&& 0|28t HAES| 7
AR Y 22EY

E o= Shin et al. (2009)9] AFAS- Al 1AL
VESMOD-W 29| VESM HEZ Rolsle, é jEo] o3k
A A e 5 == ZHAEE USLE P factor 37

e s Beh SR WA %A}xm it o
eiAe Y TRt BAEE B ASAIE ol%-
4] el ofgt AR KAl Belh aAEolof sh,
Shin et al. (200909 AToIAE HARES] SfF EOFAA
A BAE A AEE Fal mosioint ek A
< A, YA 98 /5 AR Al 2R st
gt Eot EORAIRIO] 7= 1 mX1 mX0.66 m 7|2
Xﬂﬂ =%, Eou AAE= 5 %, 10 %, 20 %= Z4-s}o]
A== 30 mm/hr, 60 mm/hre] 2402 A
Hol| & “5]"*4 TEjal HE wiEE R AA el AR g AL
2 2| siitt (Fig. 7).

SWAT Hgofli= Tablesln &6 Woll theFet w50
gt o] Fo|Al MGT (Management Input) DBF (Data
Base File) o= %), 47, M, ¢ 53 w=id o9 ¥
50| AL, o] FolA FARIQIAL| siisl= USLE P <
215 VESMOD-Well 2J3f 4 Zé% FEE Y39t (Neitsch
et al., 2005a). T SWAT B39 By 1% 9l GIS
A, 7VdAkR sl asict A 7 (mm), ¥ BedE (m/s),
A BAAHEE (%), & H/HA7I (T), ¥ +EHYAREF
(MI/m*)3} 28 71 RS 7143 SALEAPIA &S
VR AR (19939 1919 - 20079 8Y31DE &
Bajo] T, GIS 718ke] B AN gl
gt =23 312}= (Degital Elevation Model; DEM)+ =4
A2 1:5,000 FAAEE o]t L551%laL, EAJol&%E
+ A YA EA AN AlFehs 1:25,000 527 EA0]
BARE 0] 83819} (Environmental Geographic Information
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Fig. 7 Rainfall simulator and soil-box placement (Shin et
al,, 2009)
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Table 1 Comparison of observed and simulated data to estimate USLE P factor

Data type Scale Data description/property Data source
Topography 1:5,000 | Elevation, slope, Slope length Korea National Geographic Information Institute
Land use 1:25,000| Land use classification, Area, Management information Korea Ministry of Environment

Soil geographic database |1:25,000| Soil physical, Chemical properties

Korean Soils Information

Weather -

Daily precipitation, Temperature, Solar radiation, Wind speed, Relative humidity | Water Management Information System

System; EGIS). E%¥== Korean Soils Informationo4] A
33l F= AUEFE (1:25,000)5 283813} (Table 1).

SWAT Ego|A ARYSt Bt JAKe/Z4APgat 7 A
HollA ASTt ot §o9] BE FAAolA Y] A=/ A
= HolErh (Jun, 2007). fQHHS] 79 SWAT HFofA
A Bt AAES 0.9 ~ 46.7 %2 BEES Holw Hit 7
AP 0.05 ~ 122 m= 2= k. RhHo| AR S5k
ol A AE AAEE 175~ 100 %9 EEE Holy
AZ A A9 1~1,587 me] HYR AS FAE/AAL

2 WAIZ SWAT Zgof| s 4Pg% ZAke/ZBARY Kot
o] 34 ExEo] gtk & dAFoA= SWAT ZFoa A
T APgAl SWAT ol 4Hget HAE/ZARY dl5A171 W
skl Y= EAEE sl Ak HAWE SWAT
A HOA] S 717 Sl SWAT SD-HRU 4
A ZRAA EEO Aesle] A= A/ A golEHE
dgsto] FARES *Jﬂo}%lﬂ} T3 dA SWAT RFoze=
vt =2 AldE g7k ¢ AT 2 AR 99
7RG =0] ARGk WA 17 % o]al thE-E & (83 %)
ol7] Wi2ol FHAE Wolzt 7Fst & mo| sh9ict.

B Alojas 497k =rt 60 mm/hr @ w) Al 7HA] AAE
Z7 (5, 10, 20 %)9] HAWE oJ3t BksA AMztay}; A
3] A3} (Shin et al. 2009)E o]&sty. AY @7 A
ole] Al A7), Ak 9 de2dss VESMOD-W
29 VFSM wEO] QlEAER AL, AZ SE)
FAFES 7o = sfo] HAME A ﬂlfa USLE P dj7}}
HEE 2451900k 53] USLE P wi/fiss BAE of 51

qu_E__g‘ ALskA] ko A = HAGEEHS A U9RS

$of USLE P QA ‘12 3}%lom, Akze] ujet sglul
1 ot A7E SARE VESMOD-W =&9] USLE P ¢l#}
S 25t HAs.

7<% Hieh o] B A= VFSMOD-WE o83t
AAtE USLE P 3HAS APYstal SWAT 239 71444
2, GISAE 58 F=819.00, SD-HRU AXe] Z2A4 &
£ Bl A AN/ AAREE JEFoREN 71E SWAT &
F/RAEHOIAE AMgh= Aike e f9UY AR ES
A #AE S Bt QA 2oE 4= lEE SWAT 2

| oﬁ

Journal of the Korean Society of Agricultural Engineers, 52(3), 2010. 5

VFSMOD-W
Input Files

Run VFSMOD-W

SWAT
USLE P Factor Input Files
-optimum )} ______ >l SWAT SD-HRU
parameter for DU Pre-processor Module
Rice straw mat- -measured slope & slope

length into each HRU-

Run SWAT

The Result Values
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Fig. 8 Modeling process for the effect of soil loss
reduction with rice straw mat using the
VFSMOD-W and SWAT model

?‘%—% ool disliAl 53t 3, AAREE R E| ot
FAAT 53k mofstylch (Fig. 8). Est EA 717Hd (2000
W 1Y - 20079 89) HAWE u[ZE vs, HEA| FARF &
Tt dBat FARRS ARSIGIaL, 3t ﬂ—t— - 9%
HANE u|4L vs, g,q oNF 2ol YUt /\]-FJ:—— A}
o] HAWES] HE [ mE fARF A7 g 24

sttt
. €2 & 0

1. USLE P QIAt A& Tt

Table 2004 Holi= vie} Zo], HiF wjE M2 2/3 7zt
Az galEk wo| GARF B oo §ARRE 7t (R*=0.91)&
wolom 7k A=Y (5 %, 10 %, 20 %) USLE P QlAl= 7z}
7} 0.30, 0.37, 0.412 Yehsith

Fig. 9¢lA] Holi= Hie} o], Akl wjet HAu|E] <
o AT BkE 3Esh] $igt USLE P QIRRgRe A9 3
WA (R*=0.88)5 HHow, o|F olg3lo] 374 (4] (1)<
Aot

USLE P factor = 0.0069 X Slope (%) + 0.28 (1)
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Table 2 Comparison of observed and simulated data to
estimate rice straw mat USLE P factor

Table 3 Sediment yield simulated using the SWAT model
w/ or w/o rice straw mat during the rainy season

Observed data Simulated data (Mar. 2000 — Aug. 2007) (Unit : ton)
Sé%e R(Un:?)ff Sed(gent R(L;E%ff Sed(i;r)lent USLE P w/o Rice straw mat | w/ Rice straw mat | Difference Reduc(t;{()))n rate
5 0.04 92.46 0.04 03.58 1.00 2000-06 674.30 418.10 256.20 37.99
w/o Rice 10 0.05 12476 | 005 12870 | 1.00 2000-07 609.40 406.60 202.80 33.28
s T e | 0 | 2w | 1w 2000-08|  4677.00 2977.00 170000 | 36.35
5 0.03 28.09 0.03 26.74 0.30 2000-09 766.90 563.80 203.10 26.48
w/ Rice 10 0.04 48.54 0.04 47.66 0.37 2001-06 579.90 375.80 204.10 35.20
S o T s | oo | 1960 | ol 2001-07| 578100 3828.00 195300 | 33.78
2001-08 715.00 452.70 262.30 36.69
100 2001-09 0.04 0.04 0.00 0.00
y= 0008 + 028 2002-06 003 0.03 000 | oo
080 2002-07 835.70 549.30 286.40 34.27
5 2002-08 4435.00 2654.00 1781.00 40.16
L 2002-09 177.30 13160 570 | 2578
% 040 . o 2003-06 268.40 187.90 80.50 29.99
c’/ 2003-07 3272.00 1941.00 1331.00 40.68
020 2003-08 6815.00 4226.00 2589.00 37.99
2003-09 2256.00 1559.00 697.00 30.90
e . . - . = 200406 462,70 315.90 14680 | 3173
. . o SoRed ‘ 2004-07) 517100 3153.00 201800 | 3903
Fig. 9 I:E)ireesvs;ﬁ?efquatlon of USLE P factor for different S004-08 309,00 T519.00 26000 201
2004-09 1143.00 792.00 351.00 30.71
9000 2005-06 1594.00 993.20 600.80 37.69
8000 | 2005-07 2626.00 1628.00 998.00 38.00
7,000 2005-08 1091.00 726.90 364.10 33.37
6000 {\ 2005-09 1121.00 749.20 371.80 33.17
g 5,000 n i 2006-06 1637.00 996.50 640.50 39.13
é 4000 ‘ﬂ‘ A n ":‘:‘ ~H‘ 2006-07 8151.00 5215.00 2936.00 36.02
;:3'000 ! ) 2006-08 83.60 63.60 20.00 23.92
2 200 n “ [: \ R 1 ﬂ 2006-09 37.35 29.43 7.92 21.20
1000 2007-06 168.00 114.50 53.50 31.85
0 fl \ X\A ‘J\/ LN LAFI 'j \M/E/ k/\/\) 2007-07 969.00 610.70 358.30 36.98
2000-01 2001-05 2002-09 2004-02 2005-06 2006-11
——w/o rice straw mat == w/ rice straw mat 2007-08 6969.00 4909.00 2060.00 29.56

Fig. 10 Sediment yield calculated by the SWAT model w/
or w/o rice straw mat during Mar, 2000 — Aug.
2007

ANE D)™ vs. HM2A| SAKZED}

>_u.

2. &

H AloAs SWAT SD-HRU A2 ZEAAM 2E (Jang

et al, 2009 olgsto] AS HAE/AAPES whdstal, 4]

(Dol 4?& HAWE AAEd USLE P Q1A 31941 o]8s}

o FAoA] HAWES ofgt FAF A7 GI3E SWAT 2
&S o]gsto] H7IBIAL). Fig. 1004 Hol= upel o] |l

HujE u]2g vs. A8 P wfo] MO FARF A Hl5S
U Zdigh, &agh sollAl o zlolg B, tﬂ@”ﬂ ik
A 2o 7)7h (20008 1€ - 2007L4 8Y) A
74,954.42 ton®]1l, YHA FARES 814.72 ton/monthi *P
AEGaL, HANES Agslele A 2o 77 (20004
1€ - 20079 8%) FARF FFS 48,460.55 tono]al, €%
o AR 526.75 ton/monthE HAWEE ZHLskx] Ak

& wiEct oF 35.35 % A e Bk

Table 3 7+7F AsE= 29 77t W 6, 7, 8, 9€9

IOJ
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CuhgA] L Y - 7IEA - AN 2R . 4R R

HAME AA& Q8] A7 fARRE HojEoh Table 3¢
A Hol= Hie} Zo] HAWES HX|5kA] o2 ¢ 29 7]
ZF W 6ERE 997 Y FARES oF 2,109.54 ton/
month, HAMES HAZE ¢ B 7|17t W 6¥7E 9¥7}
2|9 YHHF GAIRS oF 135861 ton/monthC.&E ARFE]ich
weba] 2O 7|7F W 6EEE 997 AtE LA FAEE
2 750.93 ton/month &2, o|+= %X‘UHEE AR QRS
5ol HlshA AREERIS A AR oF 35.60 % A
Ao FAE

V. 29 ¥ #=

—

gk A } 1” Eqw SWAT Eﬁﬂoﬂﬁ E#‘;P 5 %EE 7445
o] W= USLE P ¢IA} 3|94k APYsioich =3t |4 SWAT
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