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Abstract

To evaluate the soil erosion best management practices, many computer models has been utilized over the years. Among those,
the USLE and SWAT models have been widely used. These models estimate the soil erosion from the field using
empiricaliy-based USLE/MULSE in it. However, these models are not good enough to estimate soil erosion from highland
agricultural watershed where severe storm events are causing soil erosion and muddy water issues at the receiving watersheds.
Thus, physically-based WEPP watershed version was applied to a watershed, located at Jawoon-ri, Gangwon with very
detailed rainfall data, rather than daily rainfall data. Then it was validated with measured sediment data collected at the
sediment settling ponds and through overland flow. In this study, very detailed rainfall data, crop management data, soil data
reflecting soil reconditioned for higher crop production were used in the WEPP runs. The R’ and the El for runoff comparisons
were 0.88 and 0.91, respectively. For sediment comparisons, the R and the EI values were 0.95 and 0.91. Since the WEPP
provides higher accuracies in predicting runoff and sediment yield from the study watershed, various slope scenarios (2%, 3%,
5.5%, 8%, 10%, 13%, 15%, 18%, 20%, 23%, 25%, 28%, 30%) were made and simulated sediment yield values were analyzed
to develop appropriate soil erosion management practices. It was found that soil erosion increase linearly with increase in
slope of the field in the watershed. However, the soil erosion increases dramatically with the slope of 20% or greater.
Therefore special care should be taken for the agricultural field with slope greater than 20%. As shown in this study, the WEPP
watershed version is suitable model to predict soil erosion where torrential rainfall events are causing significant amount of
soil loss from the field and it can also be used to develop site-specific best management practices.
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B ¥ gol 87¥E Wty §9 W EGRAE 248 &
g 9 A ASE AN B4 F Ae A -3 3B
7} Aado] Badth 15¢ EYRE 4 FAREZES
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ation, USLE; Wischmeier and Smith, 1987), USLE 7]%t
Sediment Assessment Tool for Effective Erosion Control
(SATEEC; Lim et al, 2005), 22]3 YEEFEAZNE
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Equation, RUSLE; Renard et al, 1997)°] A AAHo=2
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£ wdgsiz)7t o3k nF 7Y FYATAE(USDA)
Agricultural Research Service(ARS), Forest Service, NRCS
AFAEd odA Age B 7% =gd WEPP
(Water Erosion Prediction Project; Flanagan and Living-
ston, 1995) 23 USLESH g2 4%4 =297t 7hsst

299 2445, oY 29l dEiE f& R EY
4 297t 7Hsdtet @A Fule B0l AAF2z
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AFA7E A Qe 2Bl

oty 2 A7 ZEE 1) WEPP 28 & o &3t did
A9 EFfAZ 9 4E3S i 2F EFRHET
9 $2379 ua Pr+S S WEPP 289 F44e
F7bshet lou, 2) WEPP 2@ ol 83t dgdd B4
A zAsN N EFFA 4EE Prisid FANA ¢
Pae ESFRAZE 29 F Ae A4 FEF A=
g2 JAx] 4A9 712 ARE AL Fo.

1.1. WEPP 28
1.1.1. WEPPE2E2| 2

AL HAFJUALEX] H25A H3S, 2009

WEPP 282 B8 e 71238 EF Y4RI= E
APz, 71F, EA0EE, AR YJejo] oE EFIA
E|H g9 4o 7H5slth o] WEPP 2 o7 7l #
RPERZ FAHY ded olES AnEd g Fo
wA, #A%EH Yoz oy 7|48 E 448 e 1)
714 44 H 23 (Weather Generation Component), E%9]
8, ¥9 243} ¥ g dfe 2) F4-84 F2H(Winter
process Component), RHY AxPZY 18 @A A&
dol o EY 44F 23& ¢ 3) W F2Y(Imi-
gation Component), | EHo| ] Y& FL& of& 4) A
E 484 5 9y(Surface Hydraulics Component), 27#9%
(oot zone)o| o] EFFETH FAIFE Adsie 5 &
%A B &(Water Balace Component), & 433 10
BE £8 3 EGFE FZo A %S LN
6) AE43 Y2¥(Plant Growth Component), #& i
2729 B 2 AJaRE e 7) AFREAEH ¥
2% (Residue Decomposition Component), &3 9 34|
of 482 vl oY EYEHE tFe 8) EFIA F
L 8(Soil Parameters Component), AtgiclAe] 790 <3t
EQJAe £3 9 o4, 23 HAE dF & 9) AHAHY
5} ¥& %z 8(Hillslope Erosion and Deposition Compo-
nent), 2FAIHIY F22 o|Fo)F {FHoNA Y FE4H
AA}EE oFe 10) FIFESL 9 A ¥
(Watershed Channel Hydrology and Erosion Processes Com-
ponent), YA o2 FFFREA ] FHANE 1
= 1) FEF2E $2%(Water Impoundment Component)
5 o4 o3 S@AQ FrFoz oFojA YrHFlana-
gan and Livingston, 1995).
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%, 2002).
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(b) Drainage ditch

Fig. 1. Study area and sediment settling pond (Hyun et al.,
2008).
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Fig. 2. Scdiment settling pond (Hyun et al., 2008).
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Fig. 3. Settling pond design (Hyun et al., 2008).
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Fig. 4. Runoff and Rainfall per minute (Hyun et al., 2008).

2 13 mm7AAE F98o WA GRA, €3 45 Table 1. Rainfall, total rainfall in field, surface runoff, sur-

2ol 1| mm o4 AH, 221 1@ 39l 33 face runoff ratio for 2007 (Hyun et al, 2008)
£ AEAN §BEY EF §&30 FFA FlEle Rainfall Rainfall Runoff R““’“_ff
A%8 BAKFig. 9). Date (mm) \E(t:l]l::; ‘E:l’l;.:; coeg:um
Table 13} Table 2= B¢ 5(2008)] s 234 | 7.19 40.5 3436 13.0 18
iﬂﬁfmﬁ%ﬁ?&i j:?ﬂ ﬁl?’ofﬁ;ﬁ;};;o?}a: 8.1~8.2 65.0 632.1 164.0 25.9
8.4-8.5 93.0 789.1 168.0 213
AS TAFE Udd] AAE APEANM FEol BHIHA 58 50 5680 R T
BG4 AARAG. Tdie 3% Table 4 89 137.0 1,1624 596.0 513
200793 2008 Z$o] BE F EFRAFE derdo T T o i i
P29 5008)2 5ZAANM THF EFFAFTE A4 T T o 55 5
Ao 98¢ HAJ} FE5E B F4E FR AR 8‘27 52'0 441'2 e —
oz FEao 433 20073 FAA ] HALE F F 9'6 27'0 229'1 37; 16.3
AFEL 31.09 tonold, FHRAYHE FAE EFLS F - - - - .
902 noz $AAT 2008 DA HalE 3 ga el | M0 | RS | D 1 B2
e 2180 tonold, FRRAYHZ FAE EFES 3 218 20 ) w2 [ ins ) 9

FARH HEEHZYX| H25A A, 2009
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Table 2. Rainfall, total rainfall in field, surface runoff, surface
runoff ratio for 2008 (Hyun et al., 2008)

. Rainfall Runoff Runoff

Date Rilatd volume volume coefficient
N (m’/d) (m’/d) (%)
6.18 41.5 352.1 21.0 6.0
7.13 23.0 195.2 14.0 1.2
7.15~16 29.0 246.1 300 12.2
7.19~20 75.0 636.4 88.0 13.8
7.24 215.0 1,824.3 649.0 35.6
8.2 24.0 203.6 16.0 79
8.3 270 229.1 58.0 253
8.12 31.0 263.0 320 12.2
8.18 395 335.2 67.0 20.0
8.22 71.0 653.3 119.0 18.2

Table 3. Observed sediment yield for 2007 (Hyun et al., 2008)
Coarse Suspended Total

Date R(a:;a}ll sediment sediment sediment
outflow(ton) (ton) (ton)
7.19 40.5 0.08 0.02 0.10
8.1~8.2 65.0 1.43 0.52 1.95
8.4-8.5 93.0 1.82 0.63 245
8.8 67.0 1.46 0.59 205
8.9 137.0 7.96 173 11.68
8.1 38.0 0.96 0.25 1.21
8.19 345 0.36 0.12 0.48
8.27 520 083 0.33 1.16
9.6 27.0 0.13 0.04 0.17
9.14-9.15 92.0 32 0.80 4.00
9.18 52.0 1.27 0.44 1.71
etc. 257 1.56 413
Total 2207 9.02 31.09

Table 4. Observed sediment yield for 2008 (Hyun et al., 2008)

Rainfall Co_a.rse Susp_endcd Tf:lal

Date ) sediment sediment sediment
outflow (ton)|  (ton) (ton)
6.18 41.5 0.47 0.03 0.50
713 23.0 0.42 0.04 0.45
7.15~7.16 29.0 0.65 0.09 0.74
7.19~7.20 75.0 1.66 0.34 2.01
1.24 215.0 7.67 3.39 11.06
8.02 24.0 0.23 0.01 0.24
8.03 270 0.78 0.13 091
8.12 31.0 0.23 0.10 0.33
8.18 39.5 0.78 0.12 0.90
8.22 71.0 1.61 0.34 1.96
elc 1.30 0.78 2.08
Total 15.81 537 21.80

537 tn22 EAHUL. B2$ §(2008)2 Z¢Fol *
100 mmvday ©]4°] € B¢ fAF APl 333 34
g Bausg. &, &3 ALY A5 9eln Eele
A9 77t 2AF EGRAT F7IR oloign #4

Fig. 5. Sand pack installed at the tip of furrow to reduce
soil erosion.

ScHE2 S 5 2008).

29 5(2008) 2008d oF AT dl HFA A
HEF EF{Ao] LMF o|H 2 Fig. 5ol Zo] =
FolUg z+ 19 Edd] 42008 79 24Y Z$)ddd
A7 422 fUEA BEF SNk olF ZAFH
Y A8 Ed 439 A AgHE A2 YE
. A9 2@ Foiy A B FA} AFEFH= WEPP
Yo HE3l7] ojF7] ol 2008 7Y€ 24 FAk F
% dolei WEPP 239 B84 B7} Al Ajadch

2.3. WEPP 7|4} DB 7+&

S 5008)2 ALY AF 49 M ESFH
Ao] 71438 g9 BasAch o olfE FLEEE
1aed ESGRAFL B A8 2edl 25 29
7} 7H5% WEPPE ol &3t FZAolAM EAT AN E
F9A48 FrEach olE 9 WA V2 F(2008)0
o3 23E Y9 29¥ A89 23d AE: & B
AP A2 (Water Management Information System) A&
£ o]gsta] 20073 19 1Y%EH 2008d 99 3097A
WEPP 2#9] 7|48 DB(Fig. 69} Fig. )& F&3adrt
2007d & Z532 1,308 mmold, o] F 74, 84, 9¥e
WA ZAFFo| A B5EY 174%, 29.3%, T I 222%
g APt 20089 9UAA F FSFL 1,0857 mmo]
oj, o] & 74, 84, 99l WA Z5Fel A B39
42.9%, 17.4%, 121 8.8%E A jch

24. WEPP EY, A8, 12|11 fY&d DB +&

WEPP 28 & 0|83l EGRAFE AFs7] HAslAe
289 EY 44 DBE FHot ¥k 15<¢ B AT
AEL 718 T%¥ EY DBE ol&8ld dI@ EFF
A 29 HE FHSAKAFA & 2007; 458 &
2007; ol24 §, 2003). 23U HYTF 520072 1P F
AANA QA8 Ego] P FA=H FE M §
28 93 2~3do] g4 30~50 cm 7}F AEE = A
£ vgsy) 8 4 EY 4F 24 ¢ B HE EY
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Fig. 6. Monthly rainfall and average maximum air temperature in 2007.
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Fig. 7. Monthly rainfall and average maximum air temperature in 2008.
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Interril [ (Kgs/mesd ¥ Have Model Caiculate Itz redl) | (Kgeg/mesd. FF Have Model Calculate
Fill | (s/m  Have Modal Caiculate Al {s/m W Havwe Modal Calculae
Cridcal [ Pa) ¥ Have Modal Calculate Critical [ (Pa) ¥ Have Model Calculate
EfL Hydr, | {mm/h W Have Model Calculate EfL Hydr | {mm/h ~ Have Model Calculate
Layer | Depthimm)| Sana(%) | Clay(%) | Otganic(%) | CEC(mea/100] Rock(%} |« Dopthimm) | Ssnd(% Clay(% o {%) | CEClmen/1 Roc#
- o = . = U ‘L!yltr op ihlmm mﬂmﬂ( ] I.‘C\D yi%) —|‘lm |”3 men “iae oc
T =0 1] ILLE ] 0% L2 HZs 3 Wi B L1 1508 [1 s
] BolLt LR} T 0950 10 150 al 3 L] A Tz 1030 S8 125
(] B 785 Ty i1 k) 1e8 1 T 001 B iy G950 0 1]
i B Y200 178% s 6.8% 3 158
£ £
Y T
] ¥ z
3 3 < L
™ Use Restricting Layer T =1 ™ Use Restricting Layer [ ‘.]'
Antsotrophy E ke T Anisatrophy F K ;g e——
I~ English Units [:] I~ Engligh Linits 1
| Sawehs i Save | Cancel Help | Sww s | Save | Cance! | Hetp |

Fig. 8. WEPP soil database. Fig. 9. WEPP soil database of surface reconditioned soil.

DBE T&slo] SWAT 289 A84E #4171k WEPP EPP 289 #F A8 §4& olgdta AFt A4s A
289 A% dF A4 A FUF EF S T E § 4%, a5 AR, A AdedE PG
of DBE P&l B} A% ELRA F71t 7Hsseh WEPP 28 & o8] EGRAZTE W/ 4 712 F
mela 2 dAFojAs Fig. 83 o] td A “ANR- 8% YA 9 st AEAACIL. M & AT
YONG” E¢& olgstgon, 20083 AEH EY EY oAE el Hole wiet Zo] FAH2007) (Fig. 10 and
& udsly] ek 712 EYDB EZ] 30 cm9 AR E 11) 9 %(2008) (Fig. 12 and 13) #& DBE T3y
24 AE Holo|2 273U HFig 9). & ATl W WEPP 23¢9 918 DBE T3

FEEH FEBEAAX] H2SA HM3E. 2009
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Fig. 11. Potato management database (2007) for WEPP.

¥

- A
Fig. 14. Watershed configuration of the study watershed.

AT g Qo] WEPP 8 & H&57] A nels)
oF @ F&°l & FZAANNY REF7 %A FHHe
Al FATES G S Zolth £ AFAME Fig 14
of Bol= ket o] 3749 FAAIg 379 F£2E wHES]
APHES 9 92 F2& QYA A A9 4
F 534 BAER 55%% W2 FAE 1%E2S F,
2008)% 2¥9 IHABE TH3IC

25 WEPP 28 REY U FAR 6% Z&HY B}
& AFolA A 7158 WEPP 239 ¢l8 DBE 7%
@ F A3 3% 4 FARE 33 71700 ds] WEPP
28 & ol gsld §8F U FAES Wt &2
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Fig. 13. Radish management database (2008) for WEPP.

A% 2007d 7€ 1995 20089 8Y 22U7AQ A
fE232 43 383 A AR 2 IAA
of H8% 43 FgHo] G4 ¢ Taksie] WEPP
Zol g X9 v Hrsdd A 7I€E 69
Zo] 2008 79 4% HAA 2F R RHPFoUS
AAER7] el F&2F 9 FAPTEZ] B Aojd
vehfo] 289 A8 B7k Al o] ABE A9ste Frts
%ok WEPP 232 Atdo]Aq 794 o3 EfAe 27,
% 5o g2t 28 9 o$g Al EGRABTE A
BB FAYETE FEHE EYTAEE A3

26. CHYBF ZAl ZSH0IM S ESFRAUE S

2 dFolME WEPP 23 & o &3l Z9E A A
& 48] A99 $2% 2 EYFEEE d3a9en Y
4 B FYadch oA 23 AEE #8359 o
F Ao didt TP AAzo) ©E EF{AY H|w,
FAo] 7hed Aoz mutEo] B AFdAE ATFd4A
do] AANSE 42 2%, 3%, 5.5%, 8%, 10%, 13%, 15%,
18%, 20%, 23%, 25%, 28%, 30%2 W3AlA it = g9
Ao By EYGRATE Hrtsid

3 ént 3 &
31. WEPP 28 23

Ashish Pandey &(2008)& A% A%, HfT 4%,
FAFYAEE, @4 Adeys} e o d+E WA
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Table 5. Calibrated parameters for WEPP model

Table 6. Criteria for evaluating model performance(Donigan

Calibrated parameters Value and Love, 2003)
Interrill erodibility (kg-s/m”) 2.01e+7 Poor Fair Good | Very Good
Rill erodibility (s/m) 7.001¢-4 Daily flows | <0.60 | 0.60~0.70 | 0.70~0.80 | >0.80
Effective hydraulic conductivity (Pa) 04.091 Monthly flows | <0.65 | 0.65~0.75 | 0.75~0.85 >0.85
Critical hydraulic shear stress (mm/h) 10
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Fig. 16. R’ and Nash - Sutcliffe of runoff estimation.
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Fig. 15. Comparison of simulated and measured runoff volume from study watershed.
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Table 7. Comparison of sediment generation under various slope cnditions (2%~15%)

Date Z‘Mtg? 3% {kE) 3.5% (kg) 8% (kg) 10% (kg) 13% (kg) 15% (kg)
07.7.19 3184 347.0 717.6 813.1 862.9 955.4 997.2
07.8.1~8.2 1725.5 1880.7 2464.5 3041.1 3864.9 4681.2 5185.7
07.8.4~8.5 1772.9 1843.3 2135.1 2644.8 3070.1 3933.9 4551.9
07.8.08 1319.9 1619.3 2220.1 3024.0 3513.0 4623.6 52129
07.8.09 51335 5695.8 9775.7 15149.4 19451.6 25458.8 29252.9
07.8.10 730.8 800.0 911.9 997.0 1066.6 1159.9 1199.6
07.8.19 819.5 873.2 971.4 1059.1 11343 1271.6 1404.2
07.8.27 1081.8 1156.3 1433.0 1685.1 1931.1 2427.1 2725.7
07.9.06 133.7 154.5 242.6 266.1 2719 294.6 2794
07.9.14~15 2922.1 3044.2 3307.3 3945.6 4495.6 5364.8 5911.9
07.9.18 2414.1 2452.8 2885.0 3377.0 3744.6 4296.0 4618.8
08.6.18 45.2 2163 335.2 494.7 647.2 911.1 1,111.6
08.7.13 21.0 66.8 136.3 229.1 2984 406.1 504.5
08.7.15~16 16.1 21.9 1433 2435 345.8 557.3 738.1
08.7.19~20 455.6 1,237.7 2,367.5 3416.2 4,229.9 5442.6 6,305.4
08.8.02 5.0 11.8 42.6 1193 182.6 302.6 339.1
08.8.03 2998 440.1 486.3 700.8 884.9 1,165.9 1,307.5
08.8.12 618.1 565.9 833.3 1,153.2 1,410.9 1,802.0 2,042.1
08.8.18 3222 709.8 1,038.6 1,482.6 1,843.2 24179 2,736.2
08.8.22 448.9 497.6 1,307.6 3,629.7 52193 7,274.1 8,414.2
Total 20604.1 23635.0 33754.9 47471.4 58474.8 74746.5 84838.9
Event Avg, 1030.2 1181.7 1687.7 2373.5 29237 37373 42419
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Table 8. Comparison of sediment generation under various slope conditions (18~30%)

Date 18% (kg-) 20% (kg} 23% (k&} 25% (kg) 28% t_ki) 0% {kg’}

07.7.19 1141.6 1246.9 1394.9 1487.7 1619.6 1704.9
07.8.1-8.2 5918.6 6388.8 7063.0 7496.4 8138.6 8553.0
07.8.4-8.5 5463.0 6025.6 6818.9 7306.8 7979.9 83973
07.8.08 5933.7 6403.6 7137.2 7568.0 8176.5 8556.2
07.8.09 34599.2 37984.2 42762.3 45884.4 50356.7 53201.3
07.8.10 1306.5 1397.6 1535.0 1623.2 17489 1828.2
07.8.19 1608.2 1728.8 1925.4 2042.5 2209.0 2314.1
07.8.27 31525 3428.7 38214 4073.1 4432.6 4662.0
07.9.06 258.0 2447 240.5 2525 2705 2819
07.9.14-15 1014.0 7257.7 8008.2 8486.2 9165.8 9598.5
079.18 51693 5551.0 6097.0 6443.4 6926.9 72321
08.6.18 1,625.7 1,809.9 2,0314 2,174.1 2,380.6 25133
08.7.13 679.9 739.7 826.7 883.7 967.0 1,020.9
08.7.15~16 854.6 923.0 1,020.8 1,088.9 1,189.3 1,255.3
08.7.19~20 73525 8,042.7 9.066.8 9,728.1 10,688.3 11,3179
08.8.02 391.0 424.1 471.5 5015 5454 573.6
08.8.03 1,510.2 1,639.0 1.828.7 1,953.5 2,137.9 2,257.6
08.8.12 2,392.1 2,620.0 295235 3,167.4 3,480.1 3.681.0
08.8.18 3,1949 3,489.2 39139 4,186.7 45794 48314
08.8.22 10,008.9 11,015.2 12,460.6 13,383.1 14,687.3 15,521.0
Total 935744 108370.4 121376.7 129731.2 141680.3 149301.5
Event Avg. 4678.7 5418.5 6068.8 6486.5 7084.0 7465.0
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Fig. 19. Total and average sediment yield from study watershed under various slope scenarios.
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