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Evaluation of SWAT Flow and Sediment Estimation and Effects of Soil Erosion Best Management Practices
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ABSTRACT

Soil erosion and sediment from agricultural farmland has caused various negative impacts on environment in recent years. The
effect of rice straw mat on soil erosion has been investigated by many researchers these days. In this study, the SWAT model was
applied to Hongcheon watershed to evaluate SWAT flow and sediment, and the effect of rice straw mat on sediment yield at
watershed outlet was evaluated. The Nash-Sutcliffe model efficiency (NSE) and coefficient of determination (Rz) values for flow
simulation (calibration period) were 0.66 and 0.67, and the NSE values for sediment was 0.90. The calibrated parameters were used
to analyze the reduction of sediment yield in the farmland with rice straw mat. Average daily sediment yield without rice straw mat
was 49.8 ton/day and sediment yield with rice straw mat was 25.5 ton/day, and the reduction rate was 38.7 %. Also, average daily
sediment yield with/without rice straw mat were 97.5 ton/day and 190.7 ton/day during the rainy season (Jun. 2008 - Aug. 2009),
with the reduction rate 46.3 %.
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Fig, 1 Location of Hongcheon—gang watershed
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Table 1 Location of monitoring station

Monitoriong station Latitude Longitude
Seomyeon 37-41-37 127-40-15
Hongcheon A 37-43-22 127-35-27

1,387.1 mmo]t} (Ministry of Environment, 2009). X224 9
2= B9l 37° 32'~37° 56', 74 128° 51'~ 127° 329l 9|
3}0, EX|ol 8- Qlok 825 %, M 6.2 %, § 4.3 %, WAl 2.2
% PR Aa sxoor BEEojoltt (Ministry of

environment, 2009).
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Table 2 Input and Output data of the SWAT model

SWAT Input SWAT Output
Precipitation Runoff / Soil erosion /
Temperature Water quality for HRU
Temporal
Aralysis Wind Speed Deily/ Runoff / Soil erosion /
Solar Radiation M altlill / Water quality for
on
Relative Hunidity | ..o Subwater shed
Land Use Runoff / Soil erosion /
Spatial Analysis Soil Water quality for Reach
Topography segment

Fasotelead Al54d A=, 2012
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Fig. 2 Land uses of study watershed
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Fig. 3 Soil of study watershed

silty clay loam loam

silt loam

loamy coarse sand sandy loam soil

AsD2, AsE2, DaF, GpB, GpC, Gq,
Gt, Gy, HYB, HYC, MdF, MoB,

ArB, ArC, ArD, MoC, MoD, MVF2, NkB, NoD2,
HiB, KeB, SfC, SqC, SaD, SqE, | PgB, PgC, PxB, SgE2, Sgi2,
YiB, YiC ShD, SbE, ScB, ScC, SNE2,

SNF2, SREZ, SRF2, SsC, WiE,
YeB, YeC, YdB, YxB

BeB, BeC, Cal2, Cal2, CGB,
CGC, CiB, CGiC, CmE2, CmF2,
CmF3, CvF2, DbF2, DF, DpF2,
Dq, DyB, GZ, HbF2, HdC, HEB,
HEC, Hr, JiB, JiC, OnEZ, OsE, EgB
Ng, PuB, RC, RCS, RO, SE, SfB,
SgD2, SmE2, Smi2, StC, StD,
StE, SuB, SuC, SV, WoB, WoC,
YaC2, YbD2, YbD3

Je, Jd, INC, IND, JoB, JoC, JoD,
JxB, JxC, Ny, OaE2, OaF2, OdF,
SgC2, SKC, SKD, SNDZ,
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Table 4 Criteria for evaluating model performance (Donigian

Table 5 Comparison of daily and 8-day interval flow

and Love, 2003) DATE 8-day intervel (Hongchoen A) Daily Flow (Seomyeon)
Poor Fair Good Very Good 2008-07-16 38.2 33.7
NSE for Daily simulation| <0.60 |0.60~0.70|0.70~0.80| >0.80 2008-07-17 - 28.9
2008-07-18 - 22.9
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A

1o ol

S 72 Sileh AR 82540 20089 19 B 4%
FS ARZ AT, Sl W 1149 o
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of 0.812 Yeh} 3 - BA 7|7 BF 22 HEAS Hole= A
o2 Yeptt (Fig. 6). 7% B4 & HAE WS 0§
ot ‘I‘l‘/\]’o AZ29} dE2E BASt] H|wstoiTt. fAkE B
A UH7H A= Table 73 2o, 1 A3 NSE=0.90=2 ufj$-
&2 Aarl Ugth (Fig. 7). SAF AR 8 324
2AHl (Water Information)of|A] Algshs S4A 282 2008|
-200999] 8% 7HA fARRF A4Ee}; 2 ZWS’J g AR
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Load (kg/day)=WQD (mg/L)xFlow (m*/sec)x86.4 (2)
WQD: Water Quality data

Fig. 47} Fig. 7oAl Kol vl Zo] faf & fAlRF 24
A3} Ramanarayanan et al. (1997)3 Donigian and Love
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Fasotelead Al54d A=, 2012



oA - A - S - WA - BN - G2 - M5 - AR
1800 2500
1500 2
_ g 2000 +
(%) w
g g .
5 1200 £
E / 2 1500 /
3 o° -
2 900 A =
o - 'g *
] 2 1000 +* . .
g 600 s L2 YT ﬁ R . R? = 0.81
8 / s CH NSE = 0.80
300 * NSE = 0.66
S 4 @
0 » , , ‘ ‘ o . ‘ ‘ ‘ !
o 300 600 900 1200 1500 1800 0 500 1000 1500 2000 2500
Simulated Flow(m3/sec) Simulated Flow(m?/sec)
(a) Calibration period (b) Validation period
Fig. 4 NSE from SWAT calibration for flow estimation
3000.00 . T e T TITETI M R 7 0.00
l | | ] | |. | r mmPrecipitation
—~—Simulated L 50.00
2500.00 Observed
R?=0.67 - 100.00
NSE=0.66
2000.00 —
I 150.00
X
1500.00 200.00
g T
S £
| 25000 £
g 100000 2
= S
£ - - 30000 &
1 :
A 500,00 X &
\‘ | 350.00
0.00 > A M A, e o 400.00
& > & 5 & & & & & & & &
& & & & & s 8 & & B g Py
&Q N °§ @ﬁ @$ & °$ §$ °$ °°$ @Q @Q
S 5 - L S L L S - L S 5
Date
Fig. 5 NSE from SWAT calibration for flow estimation
4000.00 | T . [ T I m [T 1 L . 0.00
WEPrecipitation | 5440
350000 —-Simulated
* Observed [ 100.00
3000.00
I 150.00
R?=0.81
2500.00 NSE=0.80 1 509,00
2 200000 25000 E
= < £
L x e
H - 300.00 -2
S 150000 =
5 I 350.00 '§
& 100000 a
| 400.00
500.00
l - 450.00
ol X
0.00 S Sl IS S, > 4 = S 500.00
D‘\ > & D’& ¥ N4 s& »& Q\ DN p’& INd
o &6’ & o & &S oS & o S o o
& » '»"@ ~ 5 > & 'b“@ ~ '19@ ~ ~
Date

Fig. 6 NSE from SWAT validation for flow estimation
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Fig. 7 Results of calibration using modified SWAT
Table 6 Eleven parameters used in calibration for flow estimation
Parameter Description Variation Method Value
LAT_TIME Lateral flow travel time (days) Replace by value 1Day
SURLAG Surface runoff lag time Replace by value 0.10
ADJ_PKR Peak rate adjustment factor for sediment routing in the subbasin Replace by value 10.00
PRF Peak rate adjustment factor for sediment routing in the main channel. Replace by value 2.00
ALPHA_BF Baseflow alpha factor Replace by value 0.50
SOL_Z Soil depth Multiply by value (%) 23.66
CH_K2 Effective hydraulic conductivity in main channel alluvium Replace by value 149.63
CN2 SCS runoff curve number for moisture condition II Multiply by value (%) 23.71
CANMX Maximum canopy storage Replace by value 9.84
GWQMN Threshold depth of water in the shallow aquifer required for return flow to occur(mm H20) Replace by value —492.94
SLOPE Increase the lateral flow Multiply by value (%) —6.32
Table 7 Nine parameters used in calibration for sediment estimation
Parameter Description Variation Method Value
USLE_P USLE support practice factor Replace by value 0.32
USLE K USLE support practice factor Replace by value 0.07
PHOSKD Phosphorus soil partitioning coefficient Replace by value 20
PPERCO Phosphorus percolation coefficient Replace by value 2
SPCON Lin. re-entrainment parameter for channel sediment routing Replace by value 0.0004
SPEXP Exp. re-entrainment parameter for channel sediment routing Replace by value 0.0006
RCN Concentration of nitrogen in rain (mg N/L) Replace by value 0.2
N_UPDIS Nitrogen uptake distribution parameter Replace by value 2
P_UPDIS Phosphorus uptake distribution parameter Replace by value 2
= & 2ofot= Aow AR Hoh of 337 FollA Ash= F=d BldedYE Aee] B
B Ao Aufofa] Kol ufel o] SWAT Hgg ofgst 7} & 4= 9IS o0& dgHr.
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USLE Pfactor= 0.0069 X Slope (%) -+ 0.28 (1)
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Table 8 USLE P values and straw mat with various slopes

A vlssstolon, At 2adh SolA v Aok W/O Rice straw mat W/ Rice straw mat
EfgiTh HAWE v]d-8A] 2ol 7|7y (2008 1$J~2009L% HRU Slope (%) USLE P Value USLE P Value

129) GARF 232 36,417.0 tono]al, YBHF GAES 49.8 0.409 0.320 0.283
ton/day= AFFE|L, HANEES H831%S 7% &9 7|7t 0.409 0.320 0.283
(200849 19~ 20094 12%) AR S22 18,633.8 ton®] 0.409 0.520 0.283
= AT GAFE 255 ton/dayi PAWES H83hx) ¢ 0.409 0.920 0289
& a4 7 40 58 N
Table 92 7*°7} %‘—EAL EJ 7I7P 14% 6 7, 8%9] HAn) 0310 0320 0282
E A& 8 AfE HARRS HojErh HAWES A8t 0.732 0.320 0.285
A G2 A9 1O 7|7 ] 6¥€RE 8Y7HAG] UBH FARFS 0.732 0.320 0.285
oF 190.7 ton/day, HAWMES HAI51%& 49 29 7|7F W 6 0.732 0.320 0.285
ARE 397HA9 UBH FARFE oF 97.5 ton/day o= AP 0.732 0.320 0.285
=qict o4y HANES ARSSHA] ook 7ol BsiA AME- 1535 0320 0291
WS S GAEE Ok 46.3% AgrE Zow BAE9l, 1535 0.920 0291
Shin et al. (2011) 978 vl 447 o] APng 2 - = =
‘gotal, AiEE HHER A8 A fARe] 80.8 %2 A 3541 030 0300
7+ BAEQc) ESE Jang et al. (2010) G5 wh2H 7487} 0.429 0.320 0.983
0.429 0.320 0.283
il IR— 1.284 0.320 0.289
| memome 1.284 0.320 0.289
1617 0.320 0.291
g o 0.095 0.320 0.281
< 0.095 0.320 0.281
g ow ——— e 0.095 0.320 0.281
L 0.297 0.320 0.282
= 0.297 0.320 0.282
. 0.297 0.320 0.282
e s ® core 0o 20 0.297 0.320 0.282
Fig. 8 Regression Equation of USLE P factor for different 0.297 0.320 0.282
slope values 0.297 0.320 0.282
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Table 9 Sediment yield simulated using the SWAT model
W/O or W/ straw mat during the rainy season
(2008 ~2009) (Unit: ton)

w/o Rice straw mat | w/ Rice straw mat | Difference | Reduction (%)
2008-06 369.9 188.8 181.2 49.0
2008-07 11,961.4 6,150.8 5,810.7 48.6
2008-08 1,754.5 904.8 849.8 484
2009-06 172.5 87.8 84.7 49.1
2009-07 18,835.1 9,564.2 9,270.9 49.2
2009-08 2,003.1 1,048.2 954.9 47.7
v.d E

obx Ex|0l g7} W ] HlEAMEOE 9
Al AL AT B RAE doid FA ol st
o] SWAT 23 284 %7} 9 HAWE 0|83t fA} A7tay}
£ mofaioir). 1 Axt AEhag] diste] SWAT 2y BAZ
T+ BA7)7F (2008¥) NSE=0.66, R*=0.67, 7%8717F (2009
H@)ol NSE=0.8, R*=0.81% &2 H8A4S Hol= Ao& 1}
ERgom, GARF ASx|9t o E2E BASH Ax) 1ol7|7H (2008
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Fig. 9 Sediment yield calculated by the SWAT model w/o or w/ rice straw mat during 2008~ 2009
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