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Abstract

The purpose of this study was to determine parameters of surface cover materials and evaluation the effects on runoff and
sediment reductions with rice straw mat with PAM at watershed scale using the SWAT model. In this study, 1) regression
equation of CN for rice straw mat + PAM using SCS curve number method was developed, 2) the USLE P factor, being able to
reflect simulation of rice straw mat+ PAM in the agricultural field, was estimated for various slope scenarios with
VFSMOD-w. Then regression equation for CN and USLE P factor were used as input data in the SWAT model. Assuming rice
straw mat + PAM is applied to radish and potato fields, occupying 24% of agricultural fields at the study watershed. Result of
direct runoff without rice straw mat + PAM was 65,964,368 m’, with rice straw mat + PAM, direct runoff was 65,637,336 m’,
327,031.8 m’ reductions compared without it. Also, result of sediment without rice straw mat + PAM was 163,531 ton, with
rice straw mat + PAM, sediment was 84,779 ton, 78,752 ton reduction compared without it. This analysis showed that about
48% sediment reductions would be expected with rice straw mat + PAM. As shown in this study, rice straw mat + PAM would
be used as an efficient site-specific BMPs to reduce runoff and sediment discharge from field.
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31tH(Cho et al., 2010; Park, et al., 2010). T20°] ELFA
2 Q3 P22 {§9lsHE uH ESAE FAHAES
SB35k 8 2022 I#HA lck(Seo et al, 2011). 9|
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FFE vA = A £297W F9L vHLGY 5 @
gAgez AFIAR, FFAME 792007 ~20133)3F
1570 ARel & 3,8399 99 ANGHIE FAstd PAEF
Ade 2% 45 AP L mASYcHHan Basin Com-
mission, 2008). B¢ A WIyozE ZAd, ZH|FE,
B53, NS ARYE, APy =3 2 F3F
2]7]¥(Best Management Practices: BMPs)S°] #|9Hs o)
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a7 A84 7l AFAME BAA Lol PAM AFA
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A 41%7} Faske A2z Jehgth 283 Shin et al
(2011)3 Won et al. (2011)9] EZH4A AZS 9% AR
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o ESHA AZET 24 €89 ZY22 MUSLE 7]
Bog EGFATS AFF 22T Lee et al. (2011)2
SWAT 28& o3t @d #9499 ¥FY 5%
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AR AREH FHE Fi £40] o]FRH BT 4
e £ 2UHY 2= BMPs H 8] B EGH
A AgEde APREST AZEH AT Aes #4
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440 s ¥gs 22 AAAE F2AVe ERE

s=2atzsts| x| A HeE, 2012
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Number: CN)E Ab3&lx, 2) @d Z9A43e sy
ATy EYFAZS 4 8 & de EES o185y
WA E+PAMY] FHE A s 33, 3) 34
AEEE SWAT EFel FHEso §F999 /E/F/4
A adg 24sked Qo

2. A7d

Won et al. 2011)8] HIAART EGNBAE o1& 7
948 29 AN E AUUEZS 30 mmhr=A 3 FAL
T 10%, 20% ZAA BAAHH PAME o83 ARE
HEsge 2% AAFEH A AgadsE 243
AAE 10% 23X & dE2F(HA) vlsll JHF /& 2%,
FAF 99.1%, BALE 20% ZAANE AHFE 80%01d,
A} 95.6~96.5% AREHE Ao veptch. 283 Shin et
al. (2011)9) AAIA RolA FAses EGHA ARE A%
gE7 Hg TN 30~40 mmhr 2 ZPoNA FA
= 28% A #AAAT} pAMY AAREH FA AZETH
£ 24390 AP 9SS 4.7~258%, A= 85.9~100%
AzE e Ao Yehyth £ @FolA £ Shin et al. (2011)
3+ Won et al. (2011)¢] 4724 EUlZ AW E + PAM
9 A uuj&e] W2 ATy AZAFHE EAHsA

B E +PAM A& BE APRFEZT 2L HA AR
Y BHE 9% a7uge ] Ed Fig 13 2] 1)
AF4ET Fd8 AF ABFL & Scs FEFAAYE
olgat ANPEAMY 7z AYyed ZH/HE VA
2 CNg A4tstd ZAAEd wE HIvE + PAME
AZA| AEE CN FHA4 e P8, 2) EGRAEE 43
o] Bo] $£5%E USLE 349 ZAAA ¥Ed P A
£ A4sigch USLE P A 43& s AgEe #2/
SAbgE o] A VFSMOD-w 2P & ol &5gen,
o] mdd Ao 4= §&/44 ARE F &3 H
FUlE + PAM 3& A USLE PQAE 12 7H8, 3§ A
Ade ESAAN Q4 KE @ F ol dHuLe=
3] WRAE + PAM H&F9 USLE PIAE HF3A
. 3) o2/ 4AY HIWE + PAMS CN H4H
USLE PQIAE #4999 42/74 A% 54 294 713
o] ol&EE SWATd HEstd AP FE/FA AREH
£ B4 AAStHFig. 1).

21. g7RIY ME

AEE BMPs 3 & e G999 F3/H4 AR
Ge ENE7 98 Z4E 72 AgEe d7FA9L
2 AR YRS FARAN ARG FFA /T
2ABYAG L2 FYBVHL 60.42 km'olH, FTFT A
A WA 88%S A} AL e LT FH I &4
olthFig. 2). ©l AHe FFFAE 11°01 FF+= 20° 3
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l [ The Result Values
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Fig. 1. Modeling processes to evaluate effects on runoff and sediment reductions with rice straw mat + PAM.

Kilometers

Fig. 2. Location of the Hae-an myeon watershed.

Fe 5°2A4 £A49 g AYstas 4AF wle Fst
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B4E &39 &7 &4 AQFAEFTERY FAES
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23. VFSMOD-w 28 & 0|88 Al o7 AtH

2.3.1. VFSMOD-w 28 0|28t USLE P AtH

VFSMOD-w 282 field-scale 2224 SA4937 %
Adze 423 AF 9 A A 58L& 2o =
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7] 1% SWATEE fF A8 F 37 ¥ QAR
USLE P 21A= Won et al. (2011)3} Shin et al. (2011)°]
g H4¥ AT8 BARE ATEEE 0§ Au/e 4
d 24 2R 272 FAGA F$AHe #WE F&
Y A AL 8 & 4 e VFSMOD-w 23€ °]
g3t AFsign d=2FU RAVE + PAM & F &
€19 USLE P QAE 12 7H3sty Z+ Ad=zdd #&
EGA44 QA USLE K& AHgstn o|FA 434
USLE K QA% CNE& JEAsE 8834 AlPgFey s
ol g3l 2¥I} APE A FAHF g Hla}EA
A AGY W] USLE P 9AE HIAWE + PAMY
USEL P A& AHE st ch

2.3.2. VFSMOD-w 28 ™XIE

VFSMOD-w 232 IA F FE22 UyoA 44
M9 423 FA 54& 295 UH Enginedt LAY
ozRE 2AYZ §Y45o ARHE FE/FAEE B9
3= VFS Engine22 T4H0o] ItkFig. 3). LA ANA9
$3/94 B4 548 2o % YEARAE: B
A 8 B8 QAHESE F ASAZL, FERAST
A CN, Storm Type), A9 ¥ ZAGA, AE,

Source Area
(UH Engine)

Rainfall event and Runoff
(Rainfall, Storm Duration,
Curve Number, Strom Epe}

-

Source Area
(Length along slope, ‘

Slope as a fraction, Area)

Erosion Parameters
(Sail Erodibility,
Soil Type, Percent organic matter,
Particle Class Diameter,
Crop Factor, Practice Factor)

97) a2 24499 EG T AHEGEY, ESET
718 #3, EQ 9A 27D £FE + Aok 2494
#F AR 44 #E QA4S 13, o), ==4
F)7F Aok ¥ @7 USLE PRIAE 44337 $18 A
€% UH Engine ¥ UPAEE Won et al. (2011)9] 2
W 932$ 48 219 ¥ | m’, EZE Loamy Sand,
AAE 1 m, BAE 10%, 20%S} Shin et al. (2011)9] 2
9 QFZ¢ A¥ =AY W 220 m’, EYE Loamy
Sand, AAFE 22 m, AALE 28%E o] &3t

24. SWAT 28 0|88 RE/RAL 22

24.1. SWAT 28 72

SWATEZZ bl F55 FYAT2(United States Depart-
ment of Agriculture Agricultural Research Service, USDA
ARS)Ol 93l AEE F B9 (Watershed Scale) ZF 224
Wi BE3E fY0lM9 EXolg 2 EXBY JH, EF
o e #3AF% #4 2 sA9FFER §9 AT S4E
Bl 2¥o]tHAmold, 1992; Amold and Srinivasan,
1994; Amold et al., 1998; Neitsch et al, 2005, 2006). &
3 SWAT 282 F§ 9 $3& AFTFHLE ¥4
F 7] g&o §& 2 nFede ¥4 9 AF 544
Bo] o]&53x f1°u(Jeong and Kim, 2008; Park et al.,
2010; Ye et al,, 2009), A& Fely 715 448 9 ds
Jd me £ AdF Wi e FFNY F e A9
£330l

24.2. SWAT 28 Xz

SWAT 23202 & 9 73 & A/FWF2=2 437
A8 NRF o WskEes VAR’ 25E, 71,
& 923, JdeD)% IVFHLE g2 EEFE EA
o] 23dE EYSHY, 183 AYAR Fol ¥eIH £
AFdMEe 7 dAgde] A AT A/FAH £HE
915 9 Bayreuth University(Department of plant ecology,
200904 FFZ sighad AAF 12719 Z¢ EBFAA

Overland Flow Inputs
(Buffer Length,
Width of the Strip)

Soil Properties
(Vertical Saturated K,
Initial Water Content,

Saturated Water Content)

Buffer Vegetation Properties

(Spacing for grass stems,
Height of Grass, Roughness)

Fig. 3. Overview of VFSMOD-w (Muiioz-Carpena and Parsons, 2005).
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Fig. 5. Major soil types.

9 47+ A8 200939 FA A& FEAZE o) §
sta] EXOlEEE T3 KFig 4). EYEE FEAE
A sgFHIERAN AZe NFELE(:50,0000F
AHgstgLn(Fig. 5), THA-LANN A FE FAA
£(1:5,000)8 ©]€3}49 Digital Elevation Model(DEM)S
T35 tHFig. 6).

dem
Value

. High: 1303

Low - 392

Kilometers
fig. 6. DEM.

243. SWAT 28 ZEREY/FAL 2

297172 20073 1€ 19~20109 89 31YE SWAT
239 23 FFF Fd EFno]A 5L Bayreuth
University(Department of plant ecology, 2009)°14 20093
7~109 Ale] 4% =AME AP /2T 2 #AF ARE 9
8319k SWATEZAAN A 284 MUSLE 249
853 93, MUSLEZ42 USLE 34# o224 R A
F U EAMEF A fE9AE Yeile @
AE olg¥. EAREE AuAAY fE2duAAAE
FEEY AFREL olgsld AFgEd, fAF oiAESF
BRZA |9 A wiAESFE o] &3] nPYsA gohd
AZREZ A E g2 237 24sA ok oo of
M 2L AFFYPE o83ty 4 AP {EZ
#dE vj7lE|<4(CN2, ALPHA_BF, SOL_AWC, SOL_Z)&
233 dF A #dE wl/)E(USLE_C, USLE _K)
g BASY, 23 AR7} REAAAN N2 9F8e FA
REE 3. 223 SWAT 289 HEA Frte 23
AFR)S FEAF(NSE)S AH831% 3L, Ramanarayanan et
al. (1977)& R’7} 0.5 o403 NSE7} 0.4 o]golH 2Ho
AQRYE 2 2she Aoz ALtk £§ Donigian
and Love (2003) UWH3Ql 28 F g9 W s Mgt
£ Table 13 Zo] AA5 %

Table 1. Criteria for evaluating model performance
Evaluation Poor Fair Good Very good
NSE < 0.6 0.60~0.70 | 0.70~0.80 | >0.80

244, BMPs HE0| o2 RS/ FANHY £ BY
SWAT 28 & o8¢ AAFSH/A A a3 244
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Table 2. Various landuse 2009 at Hae-an myeon watershed

Landuse FRST CLVR WATR PAST URMD RICE UTRN SOYB CABG FRSE
Area (%) 53.23 3.186 0.05 10.05 0.556 14.44 0.693 2.515 2413 0.058
Landuse FRSD UNIS AGRR URML CORN ORCD PEPR POTA SGBT -
Area (%) 0.558 0.163 1.772 0.319 0.817 1.457 0.305 3.815 3.606
HAE + PAMY HE2 U EX0]E(Table 2) T e
Ag QWA BEFL 202 S 29 A MR ge] s [ Reos
A9 EFHA B0l AAY AR R ¥ ez A I |
. e AH EACE F 5AAE F3%T A% 3 .
T glow, olF ZAs B YL ok u%E AL A% | /
SWAT 232 Tablesin £t ¢} MDB #goll:= tF L
# QEusso] gXsed, o F mgt WY AR, F i
F, @0, 5% 5% 23 98 W5 Aok mgt HY o0s 015 02 025 03
o fog 4 W4 5 ON% ZFWPAA] Hgse ko reactiony

USLE P JAAE & d7A 43 FEE Y¥so 3
AREZT/HAAYT 21 EASAT

3. 21t H &

31, REIUXF oY 20t

g9 §& #d Q70NN FAEE 1A g3 EA
olg9 #2823 EFIFE 1std CNE& ZPsA
A 71&d FHo de CN vlFY FAR A4
2o] AAE 5% ©luql AQMY F&F AP0 HFs
76l Williams (1995)F A 58 AQelA e &3 g
4 §2% 292 98 FA=ol ©E CON 43 $4& A
Aatgch B A= BAE + PAM] tig CN 24
A3 4 AAEM(10%, 20%, 28%) 74, 80, 9322 YR},
AAES @l CNo) F7HEe Bfo. =@ Fig. 794 2
ol uie} Zo] AAET}F ARASFE CNY F71 Fo] AAY
g 2¢] RFE + PAMS CNol| i AF2(4 (9)& 4
A9, 2FASE 0958 B9k AT BAETL 35%
ol4d A% CN2 100°] |@A €t} old] ZAitxd W&
CNe] 100 o]4o] € F$ CN2 Ao 92 1P 3ch

Curve Nmber ( Rice strawmat + PAM) = 64.586e!1:243 % Sope{fraction))
)

3.2. USLE P2IX} AtY ZHm}
Y E + PAMY USLE P QlAE 2387 S8 d=
7 BFAuE + PAM A& A A USLE PUAAE

Fig. 7. Regression equation of Curve Number for various slope
values.

12 7}835k3 USLE K UAE 4 435t 43 23
A 9F Z9 AFAEAE 10%, 20%)914= USLE K
QA= 0012, 0.022, 29 AF 2% AH(BAE 28%)
AE 00322 AHFHAT 53] 49 AF 25 48] A
g8 A7 A9 ELEFEILH] @& USLE K A
(NIER, 2011)%} VFSMOD-w23& o| 834 423§ USLE
K 947} 22 2% @& Uehl, VFSMOD-wREE& °|&
3 USLE PRIz A= 2 ZA17F glg ALE #dyH
gtk o]2A 4FE USLE K QAE o]8sle] RIAWE
+ PAM H& %9 AA=Y USLE P AAE 243% 243
0.08~0.12¢] ¥SI2 ZAEE 2 Aol7t @7] dEd B3I
o€ + PAM F&d] w2 USLE P A= HE 0.1 443
19 tHTable 3).

33 ZHREY U /AL EE g

GTF sighHe] BEFnelA RAME 20099 7€FEH 10
7R 9 A% JAFEF] distd SWAT 28L& B33
gk 23 A7} NSE=0.70, R*=0.802 JEFIYFig. 8(a)),
P42 23 T PP AESE o859 fA 4
Z3 ¢} 2 23F 2 Fig. 8(b)9} Z°] NSE=0.72,
R’=073 22 Yeigr 23 23 JJ4/F 4 2F
Ramanarayanan et al. (1977)°] AAIg 71Fo] FSHIAL,
Donigian and Love(2003)7} A|A1§ 7]l Goodol 32
He oje £ ZAFHE BYoh Table 4= £ AFNA
SWAT 28 B3 A] A8 oifdsE Yepdo.

Table 3. Comparison of observed and simulated data to estimate USLE P factor with rice straw mat + PAM

Slope (%) Observed Sediment (g) Simulated Sediment (g) USLE K USLE_P
10 89 T 89 0.012 1
wlo Rice straw mat 2 289 30 0022 "
e 28 322,300 328,600 0.030 1
10 0.079 0.058 0.012 0.080
5 TN, S 20 1278 1.678 0.022 0.117
+ PAM 28 28,500 28,900 0.030 0.092

st e ss| x| M8 Hes, 2012
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Fig. 8. Scatter plots of simulated and measured flow and
sediment,

34, A HAE7 " HEo o2 Hd &

239 dREsed 20099 EXolg P 7FARE o]
sta] HAGE + PAME] HE A/F9 AP A
a3 249 2% AP0 2S J8 A 65,964,368 m’ oA
2L ¥ 65,637,336 m\2= 20099 3 & & 327,031.8 m’
o] AAREF AFEFE B9tk 59 Fig. 9(a)9lA Eo|

Table 4. The parameters used in calibration

£ oHe 2o AFEAT 2 HE0 9ws] i A
AR GET AZEY & A2 eyt o AEE7}
2 453 Z% Aol dis §EF & FEAA fEF
o os LAHE EFRAY HA &F7 g FAeE @d
fok a3 fAF Agan 24 A3 fFAES 38 A
163,531 tonolA A& X 84,779 ton &2 & 78,752.31 ton
9] §A} AZEFE BAHFig. 9(b). ol 20099 ¥ 3
ok 48%9 A AP 27 e Aoz EME o=
At F AuAN AEHELR G EFEHY Seal
4 Ay £84 1EAED PAMO| EY AdATY 2
#8e 37MA EG AFs U &3, /fEF g2 ¥
ESRA 42 olojn Az A"

4.8 2

£ dAFoAE Shin et al. (2011)F Won et al. (2011)¢)
HAWE +PAMY JAFZLE 018 AU/ 48 2
e ol &t K9 AFFEF 2 FA AgaHs
EH89t 99 @9 A EHE B4 94, 52
E + PAM #3 wp7pisS AFdA0. 94 SCS #EF
AATYE o]&F CNS FAE AZFE F7hske 3
€ Bglon ZAEY E4" CNE o839 4 (98 2
< A4 E FEsh =F VFSMOD-w 2g& o] &3t
o HAE + PAMY & FAMAZE EFE SWAT 23
dA 12T £ Y= USLE P AAE AFstgc 44
23 HIAvE + PAMY USLE PUA= ZAALE] oie}
0.08~0.129] HHE RYLH, E AFdNes Bdad
0.1€ USLE PQIAZ A-F st

o]ZA 23" CN 3H43 USLE PYAE SWATEE
o J&59 §F 2 4 A AR EAEA g
o] SWAT 23 23 A+ §33 §AF ZF NSE 0.7 o]4
22 SWAT 2go] #i¢tie] §F/74F A% 54 2 2
5t ez #adn 20099 F & 327,031.8 tond] S
AZENL de ALz Yeiod, fAH= o 48%9 A
ZaF}E B4 ol £ @A BANE + PAME F
2% AR % dFe] AA gAY EXE F <
%, §3A FAME < 24% S FA =], F 48% A
FEFE Hols AL %Y gIFd EXE F @A
s} B &9 EGRAC] 8 EX o)L vs] A7y A
< & F AAD 53 97t AFHE 4F2 AZEN)
2 AL2 BAHNAEY, ol RAES} ARE HEFS
EN AR HEES 59 2% BF30UAd g8 ESE

Parameter Description Variation Method Value
CN2 SCS runoff curve number for moisture condition 11 Multiply by Value 1.2
ALPHA_BF Baseflow alpha factor Multiply by Value 1.5
SOL_AWC Available water capacity of the soil layer Multiply by Value 0.5
SOL_Z Depth from soil surface to bottom of layer Add by Value 400
USLE_C USLE equation Cropping and Management (C) factor Multiply by Value 2
USLE_K USLE equation soil erodibility (K) factor Replace by Value 0.65
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Fig. 9. Flow and Sediment Reduction w/ and w/o rice straw mat + PAM.
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