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Abstract

The Universal Soil Loss Equation (USLE)-based modeling systems have been widely used to simulate soil erosion studies.
However the GIS-based USLE modeling systems have limitation in gully erosion evaluation which is one of the most
important factor in soil erosion estimation. In this study, the integrated soil erosion evaluation system using with Sediment
Assessment Tool for Effective Erosion Control (SATEEC) system, nLS and Unit Stream Power-based Erosion/Deposition
(USPED) model was developed to simulate gully erosion. Gully head location using nLS model, USPED for gully erosion,
and the SATEEC estimated sheet and rill erosion were evaluated and combined together with the integrated soil erosion
evaluation system. This system was applied to the Haean-myeon watershed, annual average sediment-yield considering sheet,
rill and gully erosion was simulated as 101,933 ton/year at the study watershed. if the integrated soil erosion evaluation system
is calibrated and validated with the measured data, this system could be efficiently used in developing site-specific soil erosion
best management system to reduce soil erosion and muddy water inflow into the receiving waterbody.
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7 2 A83, §43 242 d5E32 Ao 19939 12€
o £3€ 957 f99 4599 B¢ 20029 H@F FA
9} 20033 EF o= Ql5lY B EY f4Ao] ¢Sy
A=Y g7t fEHALs(RE4 §, 2007), AL
EU4Y £99 F$ AEixrl 3 FAUE S8 24
Be 18R FYo| o|FAAL 7] W EF F4o|
O fY9Eg 454 4488 5 AE 7Fs¥ol FokF
AT F, 2005).

' To whom correspondence should be addressed.
kjlim@kangwon.ac.kr

F99 EGRAR dstd B3 EAE A2 9
qMe EGF 449 A-3T3 24 88 2 As 544
X 477 dasa, olF AdMME AA K499 &7
¥ o, f99 & & 79 ET7AAAAMY Z7IEY
2UEY 2 A& 4o dasith AT 27y =Y
HES &3 @2 A4, 99, ZuE 982 33, o
A% EG A2 E 2osted B2 d3ES ARG
(AAE §, 2009). °1HF ojzig WE B AFH =
ol Meso] fed 53 HI7HA 309 @ ¢ A A
A& L2 Universal Soil Loss Equation (USLE) E%o] &
£50] $ovj(Wischmeier and Smith, 1978), ©] &%
USLEE 7]¥te= 3 Revised Universal Soil Loss Equ-
ation (RUSLE; Foster et al., 1996), Sediment Assessment
Tool for Effective Erosion Control (SATEEC) system (Lim
et al, 2005) 5°] AH&HIL U olg EFL B AT
2 5359 W4 F2(Sheet erosion)F AF FA(Rill
erosion) 22 A% EY FAFE AFst=d ol 8HA %
o, Photo 13 o] Z¢ IAY 392 HAs:
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Photo 1. Gully erosion at the watershed
(adopted http://plantandsoil.unl.edu)

A4 (Gully erosion : AFHA9 O SAGAY I, 3
A AS B FYLE JA] s T2 EF I
A)g 2Ysrlde B2 A7} Aok 53] ddu=d 2
o], ket AFPo] @i 1 PBF FAE EF #lf FolA,
3 F4ol 2AE g&°] 7] Wi F5 F4 2Fe
#3 A7 gasita BeE ci(Descroix et al., 2008).
A EFHA, 53 X IAEF #4248 A9
9 fAPE aRHo2 BIF7] 93 nLS (McCuen
and Spiess, 1995), Water Erosion Prediction Project (WEPP;
Flanagan and Nearing, 1995), nLSCSS (Elliot et al., 1989),
Wetness Index (WTI; Moore et al., 1988), AS2 (Montgo-
mery and Dietrich, 1989, 1992) E¥o] 7= o] 2714
o] 850o] $rtHGrabs et al, 2009; Kim, 2006; Pandey et

al., 2008; Pieri et al., 2007). ¥ AFAE ¢ 23 F
TFxA o2 SATEEC system¥e] ZA#o] 7H53Hal, Gully
head (8% F4 24AA) 2o Qo] ©& 2Fd wls
A Aol 2 nlS EF L HE5Y Gully headE 29
5 tHTable 1).

Kim(2006)¢] A7l <shd nLS EFL Gully headS
Boshe gge 23 FoA ddFHoz FEd =ost
7hestal FYE AREE /AL e B0l ZEA
A HTable 1).

2 A7 FF F4d g8 EFREE 2osie
SAZE 3, AFE sty {48 EGY HIYE 29
@ 4 ¢l& SATEEC system9 FAE Bbel7] 9lshe
USLE ¥8AE woz I J4g 23 EF 74 &
o] 7}538ta SATEEC system 39 ZAo] 7453 Unit
Stream Power-based Erosion/Deposition (USPED; Mitas and
Mitasova, 1998; Mitasova et al., 1996) 282 Al&35t}
USPED E¥2 EY9 w5 93 43 53¢ 25
1Y Aagez FF J4oz A EGRAT
A3l 7bsdith EY f48 AHFse 48 /1A 2Fe)
FEA\ 81A) gk, SATEEC system, nLS, USPED 2¥& QA
BF AA 79004 SdsEs B 379 H4, 53 ¥
T A& TEF AU} EG/A 297t stsEE #
dd.

2 dF¢ E&L (1) SATEEC system, nLS, USPED &
F& A B, AFES okl X IR 7}
5 % EY §4 29 A2HE Mg, 2) Add =¥
& ol 83l A4 90 A8 EF AT 2 A
& A3she Aot

2. A7

21, AFARS

£ AFdqMEe A4E g5 o] =Y 299
el g4 4 & A9ez HFE MY K9S
e, Q1A slolg], £33 ALY §9) FoA AAE A
H5te] P92 BFHE S e Y BFAAY EF "g
o] ¥& Z9E 7T AYE #9L ATHIAYLe=
AFstd o (F2sA B9, 2008), F9 BHL 61.78
km’2 AHgo] AA 399 58.8%, FABA} 37.2%, A7+

Table 1. Overall model accuracy of WTI, nLSCSS, and nLS in the calibration (Kim, 2006)

Total Predicted gully head | User accuracy for Overall accuracy
el g i modeled cells t:efllsl gully head (%) (%)
WTI 472817 85 0.23 65.3
ut0.5¢ nLSCSS 33436 60 0.14 66.5
nLS 17,747 33 0.19 87.1
WTI 55,170 108 0.20 60.0
n+1.00 nLSCSS 46,191 79 0.14 66.5
nLS 30,040 65 0.22 78.2
WTI 56,427 120 0.19 59.1
nt1.5¢ nLSCSS 52,034 90 0.14 66.5
nLS 38,337 85 0.22 722

FTEEH =SR] H2eA H4Z, 2010
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Fig. 1. Location of Haean-myeon watershed.

7} 1.9%, F9°] 1.3%, YA} 0.6%, A7t 02%2 A+
# F3A dFEE AAS At #AF FH9L g
7t 22 AYez spE U2 & 1xF 300 mold,
400 melA] 600 mel B3 A Gl AA 60% B el
HFAt Fig. 1S £ A7 dAGA S+ Agd
4& Jdeiiz gl

2.2. SATEEC system

2.2.1. SATEEC system2] 72

SATEEC system®] 7]¥to] E|i= USLE: U437 2](Sheet
erosion)¥ Al FI2A(Rill erosion)d] 2§ EY FAHS =
g F AE AYE DS (Field-scale) 2Folh, F9oA
B EF 44 0 s FA9 g5 9 ¢4, 93
29 #AE A2 YA E 28 EGol drhd 3§
Aoz FYEEA Brisor ok stAgk USLE 59 Al
AE 99 BFEL FYdNY EY 4 s FEARL
A3 g8 F A3, /9 FF FETIANY AHF 297t
B7hs87] d&d 9 g 94 2 EY f4o] #3
W] uA e FFE Brls] YT oo AEE 2
9 /9 A& Al FAE 557 18 USLE 239 ¥

N

A

DEM

. High : 1320

Low : 360

(a) DEM

Fig. 2. Overview of the SATEEC system ver. 1.6 (Park et al.,
2007).

Asst FEE EEE °ol&dd FAE EFo] vy 5t
Ao FYHEAE 29 F gl SATEEC system©]
A (Lim et al., 2005)5]¢] o] &5 1 Uth(Fig. 2). SATEEC
system ver. 1.6 ArcView GISE 7|¥to 2 3l f9u3
o @E F2E& s FYNAM FHE EF] Gt
WE SRE FEHEAE 298 + At

2.2.2. SATEEC 2@2| &A=

2221, TAEDDEH(DEM), HAITe} HAFE CIXKLS)

BAE AAHUSLE S factor)= ©Y BAHE o7& A¥Y
BAES} BFE AR XY FALEQ 9%9}e] v E Tala FA}
& QQAHUSLE L factor)= @4 BAHE olF+ A¥9 4]
o BF AIFES Zolql 23.13 me ¥]E 2Foh. SATEEC
systemo| Al AALESF ZAARE QA= X ERLEF(Digital
Elevation Model, DEM)& ©]-£&3}] Moore and Burch (1986a,
1986b)2] B 4] (1)& o] &3t A FFcHFig. 3).

$7 S tactor

High : 45,4078
"r!,,. N
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210 2 4
Elome’t’ers
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Fig. 3. DEM and USLE LS factor in SATEEC system.
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A = Watershed area (km®)
e = Slope angle (degree)

2.2.2.2. ZRIXKR), ELLIRK), ZHECIXKC), ZELRHOIXKP)

Z-9AAHUSLE R factor)= 313 A99 37 293 A
BEE o83ty HFHH, & AN FFE §(1999)0
Z AQER 8~219d 3= ZLARE wBoz 59 A
A BT FAAE ol 835 THTable 2). £ AF
dAe dgd /Y dBse ZHAAE ALIHG
(Fig. 4(a)).

Table 2. USLE R factors for administrative districts in
Gangwon province

K= (02+0.3exp(— 0.0256SAM1 - (L)) x

100
0.25CLA
O~ (B 2=2550) ¥ @
(1.o—(0.7 il

SN +exp(—5.51 +22.95M ) )

SAN = Sand content (%),
SIL = Silt content (%),
CLA = Clay content (%),

ZEAAHUSLE C factor)= A EE €3 e 449 42
£ Uil = AR £ A7 e FRTF 5(1984)0] A ¢k
EZ o]8Y C #g ol &3l FYo] FL3% tHTable 3).

Adml'nis?:ative R fodor Administrative R Sicioe _
district district Table 3. USLE C factors for different land uses
Kangnung 297 Kosung 250 Land use C factor
Samchok 215 Sokcho 255 Fallow/Bared land 1.0
Yangyang 255 Yongwol 350 Paddy field 0.34
Wonju 578 Inje 204 Upland 0.31
Choolwon 400 Chuniclison 464 Grassland (95~100 % cover) Grass 0.003
Hwacheon 450 Hongcheon 417 Woeds o
Yanggu 350 Pyongchang 269 (30 % ‘;m:r) Cendy gg‘i
eeds J
Chongson 250 Hoengsung 400 (80 % cover) Grass T
Weeds 0.09
EYJAHUSLE K factor)= EF I8 w2} 22 Forest (75~100 % cover) 0.01
Ae EY F4F9 w3E Yegie JAEA JERE, (40~75 % cover) 0.002~0.004
EYY T 9 718 ¥F 5o #AEKFig 40b). & (20~40 % cover) 0.003~0.01

AT+ A+= Modified Universal Soil Loss Equation (MUSLE;
Williams, 1975) 2914 USLE K 1A #&g T8 A&
SR A& T2 4 2)9 2k

N

A

2 1__0 2 4
(a) R factor
Fig. 4. USLE R and K factors in SATEEC system.
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Fig. 5. USLE C and P factors in SATEEC system.

Table 4. USLE P factors for different land uses and slopes

P factor
High : 0.9

Low : 0.5

EI nme=ars

(b) P factor

Table 5. Manning's n coefficient for different land uses

Land use P factor (Vieux et al., 2004)
Paddy land 0.2 Class Landuse Manning's n coefficient
Slope P factor 1 Water area 0.03
0~2% 0.60 2 Urbanization 0.015
2~T7% 0.50 3 Eroded land 0.035
Upland 7~12% 0.60 4 Marsh 0.05
12~ 18% 0.80 5 Grassland 0.13
18 ~ 24% 0.90 6 Forest 0.1
24 ~30% 0.95 7 Paddy field 0.05
>30% 1.00 8 Cropland 0.035
AFANE WA%(199)0] ALY EA0I8F FAEo N

B2 ZAPYAAE AF3HTHTable 4)

2223, 7oie| HNg M3t REHE MY

#28(Sediment delivery ratio, SDR)& & EgfAd
8 AR vz FogdEd 99 el f2§ 43
4L {EEF 799 A9 AR EFE Yoy &
AFolAE Vanoni(1975)7 AAd 4 (3)°] ©l&=H At

SDR=0.472* AREA~"'* (Vanoni, 1975) 3)
AREA = Watershed area (Km®)

23.nLS 28
nLS 282 Gully head, & F 4 24 AFL 29
e 2o J1E B4 4 @)% 2o

M @
n = Manning's coefficient,

L = The length of overland flow,

S = Slope (m/m)

Gully head =

Landuse
APPL
CABG

= cLVR

CORN
FRST
LETT

MUNG
OTHR

PAST

B PEPR
POTA
RICE
RYE

B SGBT
SPOT
TOMA
URLD

Bl WATR
] WMEL

4 0 4 Kilometers
e —

Fig. 6. Land use in Haean-myeon watershed.

F40lA L, S 32 DEM 22 A4E0, Mannig's n 2t
2 Vieux 5(2004)°] A< EAo]LE TEAFE AL
St THTable 5). S¢H F99 EX o] &2 Fig. 63 L
o old] ME ZEAFE Fig. 73 2ol YehjojAt

McCuen and Speiss (1995)= T2 A@L F3) 4 4)
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it A i1 = )
Lot .
[ 5esa|FRST 30 0.10000 0001 2]
4472 | FRS 30 0.10000 0.001
= 6260| URLD 110 0.01500 0.010
131940 DTHR 20| 0.03500 ) 260
04| PAS 410 0.13000 0o/
28188 CLVF 220 0.03500 000
3812 | WATR 710 0.03000 0.000
MoodiPOTA | 220] 0.03500 260
35048 | SGBT 220 0.03500 20
1 3352 | PEFR 20 0.03500 250 |
1 350 | TOMA 20 0.03500 260
- 39 | LETT 20 0.03500 ).260
1 3624 | APPL 220 003500 %0
[ 46852 | RICE 210 0.05000 260
15 3324 | CABG 220 0.03500 260
16 3632 | MUNG 20 0.03500 ).260
17 1208] COAN 20 0.03500 1260
18 580 | WMEL 220 0.03500 ).260
139 1100| RYE 220 0.03500 20
o ® 316 | SPOT 20 0.03500 .260 |
v
4| L]

Fig. 7. Land use properties and estimated Manning's n values.

ol AFE FA71 100 olF4d W AEe] 550 "Y £
A4 FFE ZFLE vHE HAE Hdse FaF
ARNE, & §F F4o A= 48 AZ(Gully head)
olgtx #weratgch E Kim (2006) ATolA ALgA9
HE 98l GIS 719e] nLS 2L ALsg Lo, Gully
head® ZAE¥SA AFsted AH8HE F4F AR
DEMY| SAEE HFE djo] o] ©E nlS ZAFHE 84,
AR 90l HEAEE, & AFANHE o]E ArcView
Avenue T2 YL E3d nLS UEFH | 2E MEstd &)
o §99 Gully headS = 2jat%it}.

24. USPED 28

USPED 232 F3AQ A 2% Al f&d 94
HAEE EQ A4 F4 FEBAA E4ske HAE
2o5h= E¥o]tiMitas and Mitasova, 1998; Mitasova et
al., 1996). USPED 282 Z$= % EYG f42E dF
aH= USLE7|¥e] R¥EFHE B8 F2 /%9 FH9 ¢
g gdAe 5ol 9% AAF 3 g 4Fse =¥
oy, AF = {F AY BYJt JbEstth & dTelA At
£¥ USPEDS W5 T& 4 (5% 2o 438E + A2
o}, o] USLE 98 Aswoez dide] 7bssid

T= RKCPA™(sinb)"
(Mitasova et al., 1996; Mitas and Mitasova, 1998) (5)

R = USLE R factor,
C = USLE C factor
4 = Area (km’),

m-n = coefficient for types of soil erosion

K = USLE K factor,
P = USLE P factor,

o7]M R K, C, P ZZ USLEY ¥¥ ASE 535k,
E #99 9, mF} S EFRA FREY, AF
Al sl 2F=E AFelth. A8 IAY BF m=n
=102, AF AL BF m=16, n=13°|th

ks TE 7|23 A+E st e USPED 9 34
< 4 (6)T Zrh

SEASM H2SEASE|X| H26 H4BE, 2010

d(Teosar) | d(Tsina)
dz + dy ©)
(Mitas and Mitasova, 1998; Mitasova et al., 1996)

ED=

a = Slope angle (degree)

25. SATEEC, nLS, USPED ¢iA8t &8 EY R
AFE AIZH e

2 d7dAE 3 A4e XY EG 443FH /4
Fg 28] 9Aste] SATEEC system, nLS, USPED %3
€ QAT AN2"E Arc View GISE 7|wtez 7jdsla,
U8 A8 75 F 24 #94 F8, @5 34 299
dadel dsl At Agd 94 289 A% 33
2 Fig. 83 2t}

%
g
|
1

l 1) Generate manning’s n Layer ]

T
1
h 4
[ 2) Generate slope grid

.

h 4
[ 3) Generate Fiow Length Grid ]
]

b o o o o -

l 4) Generate nLS Grid l—-

from Sheet/R

Fig. 8. Modeling process of integrated system using SATEEC,
nLS, and USPED.

1)~4) #3 & AT W 99 EA|&(Fig. 8)& °1&
ato] 43°9¥ Manning's n g% DEME ol &3l A€ 7
o] ZAE, BAE @& &5t nLS gridE 4445k,
A nLS gridolAd 4] (4)olA AFE gkol 100 o4
AME 4489 Gully headS 29ste #HFolth 5)~6)
B33 4) HFNA A E Gully head AF Y EF 4
E &2 USPED ¥ & ¢]&3ld =2os= #F4oltt 7)~8)
7742 SATEEC system2 o] &3t 4 ¥ #9499 EF &
A 6) #3014 B8E Gully head AN EF J4,
g3 Asld FF J4 L EAY EY F4FE A3
i, §99 WHE ol&std APE FEES TS F
de HF FETNMY FAFES Hdse FFoloh

Mdd A 2¥9 FHEY HUkE AdAe 24F #4
ZF A8 HAE T #FFol L, AT 7YY
A7) A% A A5 FA= U FF HF L FPs)
A Each 2 dFoA A AAg9 HE8E Bt
871 9% F7H4Q Q77 wEA] FP=ooF g #
e

3. 21 & N&
3.1. SATEEC, nLS, USPED 17| AlAE 7Hgt

2 dFoae ¥F F4E 1T EGHE 2 fAHE
A& 95t SATEEC system, nLS, USPED 4] 23 &
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Generate nLS Grid

| 7] Combine SATEEC Soil Loss with Gully Erosion

5] Compute Sol Erosion and Deposition using USPED
§ 6] Compute Gully Erosion based on nLS Gully Head Detection

8] Estimate Sediment Yield from Sheet/Ril/Gully erasion

B Corue Ty Eromon baved o 15 Gy Hesd Desecaon
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T

B CHESEITII (MM

Fig. 9. Interface of integrated system using SATEEC, nLS, and USPED.

Mste] sQtA FHo H Lk ol AEdE dA =
g9 Qe o]2E Fig. 99 #t}. 71¥9 SATEEC system
2 3 A4 g% EY 74 27} o KA, AT
g A 2¥e AHEE ZS Gully head 29 2 FF 3
g 1T EG F4F 4Bl 7tk o Fig. 990
A Holx uigt Zo] RE FFo] Avenue TEIYY LS
53 AESEHA7) Rl HAENE A B Al2gE
o] &3at] e EFf4A Br7t 7hsstEl e ggdn.

3.2. SATEEC system 22 AMHE EY [A

2 AT USLEY U¥AEE SATEEC systemol
g, FfgE FYoNMY HY, AF FAE 1T EYG
AL AFsAcHFig 10). 29 A3 f9H FA
Bt EY A 99 93T B 61,348 kgha

Soil Loss(ton/ha/year)
[Jo-130

B 130 - 456
I 456 - 1000
Bl oos -2o6
| EREIEERE]

Fig. 10. Soil Loss Estimated using the SATEEC

year2 AHEE9lon) o] Ad= Fol SATEEC, nLS, USPED
A4 239 948 A5 AMEFH A

3.3. SATEEC, nLS, USPED %A Z&<e| =o| Za}

331. nLS 28 & 0|28t Gully head AMH

2 d7dA AEE FF A2 e ol &3, Gully head
Aol lol d& =gl vlste FFHo] ¥ nlS ¥4
& #8839 Gully head® Rk Fig. 112 Gully
headE Ee|st=d] V2T Manning's n girdE Yehl1
Fig. 12& #99 ZAE, A3 §&A3E ez gle
9, Fig. 13(a) nLS 943 #A8E dgez AAHE nLS
gridE, Fig. 13(b)x nLS grid 5 4 (4)olA Add 4 3
o] 100 ol X# A /Y A7A 2 A5 FF
A4 AAE e+ Gully gridg Jebdth

Manning's n value

ghsyeg oo

B 005 - 0.03a8
I 0.0248 - 0.0497
_ 0.0497 - 0.130
2 1 0 2 4
Kilometers

Fig. 11. Manning's n grid.
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Slope (m/m)
[ To-o08e3

B 0.0983 - 0.2508
I 0.2508 - 0.4033
B 04033 0.56%
I 05656 - 12542
2 1 0 2 4
%

(a) Slope grid (m/m)
Fig. 12. Slope and overland flow length grid.

N

A

nLs

[Jo-13s8%
B 13.950 - 58.126
I 5126 - 144,153
I 144153 - 269,706
I 259706 - 592.889

2 1.0 2 4

E;Emegrs
(a) nLS grid

Fig. 13. nLS and gully erosion grid.

3.3.2. USPED 28 & 0|88t Gully head XIE0lIAM2| &A%
AFY

£ ATAE Gully head 43 ¥ 3 AFAMY EF
A4F A4S Astd @F I =7t 7Hsd USPED
238 g 0|88t Gully head AFNA Eds= FF 4
Zg 23Tt Fig. 14(a)= USPED ¥ & o] &3td 4
AE A f90M9 EY F4, HHFL Jeh3, Fig. 14(b)
£ Fig. 14a)°1A 438 & F Gully head AFNAM9 E
¢ 34, §3F ¢ JYehdt Fig. 14(a)°lA 52 ZEE
#e EYY FHg, 5= 5¥E F2 EYY H3y$
olm) g}, Fig. 140b)ME EZ 3% H3L Yehlie
5357} Fig. 14(a)%e W2 2Y=Aed I olfe A
¥ SATEEC system °|A ZoE EYF f43F%9 2Fe
18 Aeolth. SATEEC system¥ USPED 232 7|£Ho

£ARH AIBHA A H26A H4BZ, 2010

Overtand flow length (m)

[ Jo-162758
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I s:7.764 - 1.697.290
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I 2552610 - 5.928.8%0
2 1 0 2 4

EIE!‘H@TGI‘S

(b) Overland flow length grid (m)

I ers

(b) Gully erosion grid

2 EY I4 9 EG A4E Yl F3E AE g2
7] W 2o), As}7] Aol USPED 2¥ 9 AHge H3&
uHo] Foh o9 22 BE HFo]  ATFoNA AL
% A2dE BiA Aoz AFEH.

333 8T AAlE 13 EY R4, RAIR AF

E dFMe 33 348 1% EY /AFH 79
9 HF FETNNY fAEE 43 §i5td SATEEC
systemE o] 83l AFE EY FABFFig. 10) nLS <
USPED 28°o% AHE¥ Gully head AHANAY EYF #
4, 53 Z(Fig. 14(b)e 2T

Fig. 15 94 23 & o839 4¥E dF 4L 2
e E 94Ze Yehn, 29 A3 g9 HE F 66
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Fig. 15. Soil loss grid with sheet, rill and gully erosion.
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Fig. 17. Spatially-distributed Sediment Yield grid considering
sheet, rill and gully erosion.
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