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Abstract

SEMMA (Soil Erosion Model for Mountain Areas) should be revised to apply on mountain watershed
of large scale. In this study, the basic structure of original SEMMA and methods to calculate main
parameters are reviewed and the revised parameters are presented to expand a range of application.
SEMMA-Ic is new model revised by a rate of vegetation cover which is substituted for index of vegetation
structure to use specially NDVI for large scale areas. The correlation coefficient and the Nash-Sutcliffe
simulation efficiency for the revised model decreased rather than those of original model. However the
evaluation of the revised model on watershed showed the approximate simulation with measured sediment
yield and the underestimated simulation when sediment yield is large. The additional research for channel
erosion is needed so that soil erosion model for hillslopes is used to estimate sediment yield from a
watershed.
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Q17 53 AAHQl golof Q& XL ke 2|4
Aoz ugE]a glown o]& XA F-o os) LAY
e AEFE EGR o] A 718kl ol wghH]
A 7k AFHQl AA|-ALS] A GEo] mE FAHA,
G| ALA] Tl A A= A Ees 9% AV
A = TAE A8 S o] ALgol os] EYAIZE =
AsHA wetd ZFulekR](heavy disturbed land)$} ®-E
A, HE- A, AHEA S T3 o] A 3pA A o] Wsle}
of XxHe EYTS A7) FaldA|(light dis-
turbed land) 2 IA T2 5 Arh ZudA| = F4lg
EoFe] wedh ujio] ESYA] A TS o] A5ty
o, 22 9o AT m B g EYHAo] WAyt
ol SFulEh A= A o m A2 Bk A o] whAlEA] vk
A} Bl Feka, AtiE o2 5o WAL 246}
wjitell o5 Aol A WAshE EFHAE (e e
Stk B Ao tigh B A FAEA AR
I 22 AudAe JSEAAR HTol= fudAE
3ok ot o EYRA f1da s ot

ATH

(Wischmeier and Smith, 1965, 1978)%= 7H L74]9} A=A
Aok A8 7heetes JHAE ST o] Z©] Renard et
al. (1997)9l] 2J3l #|A]® RUSLE (Revised Universal Soil
Loss Equation) 8ot} & S 3 g Eokx
2 71E 918l RUSLE®] A& 5 A48 w7 Aol
GIS7IHE E9J3te A7t @dstA o] FolAa Utk
(Kim et al.,, 2011; Oh et al.,, 2002). Lim et al. (2005)=
RUSLEZ GIS 7|WFe.2 3= SATEEC (Sediment Ass—
essment Tool for Effective Erosion Control) 2 718831
i, Wl oA FRHA 0 AolatA] EaEshE EYF
2o thal]l EAMFEE(sediment delivery ratio)S 1128}
o BEAMERS el EelVIRke] sy Bk
2] ®& ol WEPP (Water Erosion Prediction Project)-<
ZBAA, WA, 223 AR O] At APARE St
frefell o|27|7HA] B A 3 E"P%%%k X227} 7vsst
THFlanagan and Nearing, 1995). Renschler (2003)& GIS
oA FiHEA el 7hs et GeoWEPPS A48k o,
e & 9L EAMGE F7lol &85
A THLee, 2007; Moon et al., 2010; Choai et al., 2011). Kim
et al. (2007)2 &2fFoll digt EXAMGE2-S Hr1s 43
GeoWEPPe| USLEE T} #+5 ghol] AVakA| BLefehE <

886

Q8T

TEL] 68%7F AF 0® o] Fo|xl et A AHA]
AP 95t oR EGRAI EAbRES HUHE
AL7F Ho] o]FHTtHPark et al., 2006b; Park, 2008;
Shin, 2002; Shin et al., 2008; Lee et al., 2004; Lee and
Park, 2005). ©]&gF A& 7|8 AR o B2
232 SEMMAE /Ndatdth(Park et al., 2005a; Park
et al., 2006; Park et al., 2012). Park and Shin (2011)2 A+
AApde] gk BERAS Wrketr] $18) RUSLE,

WEPP %! SEMMAE H| a4 shgl=d], s-2uete] 4t
2 71%, Axde, B 2 x16§ 544 1133 SEMMA
7} ok 3ol wis) FiH o §h woj ks 1l
oh e 27 2 ot A S e A8

A
B7FeE At obF] mEE Aol
A ¥e] 1A Cgk Aol 7hthEE RUSLES] 7-5-
NDVIg} CoIAFe] #AIA S o]-8-sto] FRIfIgH A|He] &
A4S Hrkstn dvkDe Jong, 1994; Van der Knijff

et al, 1999). SEMMA®] 7-¢-% taf i Aol tgh #|3&
W 2 3xE AL 183 ANTZE A hedrE AHY S}
o] goJs}= 1 St} o2 g o]t= 9144972l NDVI
o] 2 AAMEE 1eg S8l BPS )
= o] Masich mebd B AFoIAE diFm
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e A, A, EGRIAL 5o vy A
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2. SEMMA 7l
2.1 SEMMA 7|24

v A E oo s e 49
2391 SEMMA (Park et al, 2005a)& £+
A o Y B e s BEAMGE S o567 S9t
S gelch ¥ BEE vmed AR opel AkE,
HE AL AP ] Fo AR A Y 4
7Vsslth 2 Park et al. (2012)2 Zt vi7hd<=e] ¥
2 A BFA S 7o Rekd SEMMA 234 Eq.
(D& &7 2ol A s

q,= a RI “ Ivcdr® So* To" )
oJ7|A, ¢, & TAEPAP] odl] dAE akx|AlH )
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FAAeITh So= A ESS] F7E, BEA E B 2 Al 5*3% w2 2] eg= Apol tislix= 48] Algke
Zol v &R A 7hsd BRIl Tov APHZAL o} Park et al. (2012)-> E4314] 3H2go 2dojA] 2t wl7|
2 Aolg &g A AR otk AT at AT a,b,c,d 4 % FoAA} 2 o] E2]AQl ojmle} Bl S AlF
= A AT EE He 2 wet AliEskE 870 E3}al, RUSLEE ¥ Hlnl HEES E8 SEMMAZ
o] Aol o3l depxivh HFHoz AN dFEF AR tFs]H B4
SEMMA< USLE (Wischmeier and Smith, 1965)%} o o3l AAE R L AREYE By e
SLEMSA (Elwell, 1978)4 5 E<F3d Aol Al A1 ujj7) Table 13} 2th 7$-%F 380mm o]slo]ar 2] AYv] o]
NS So] EAA G848 v o 3l f1glo] vy T0%E et 790 tigk 23 o] AAAG= 06 °lst=
o] AEAR] BP0 R A9, A, B R AYPR1IA] A Tha sty By o5 s %7lek= Nash and
I AR dS v o R o] FolA] it Sutcliffe (1970)2] 29 &5 7-9-% 80mm ©]4]
B 2Ee ok A FH fEol HEF o] E3tsle] a1 A AT o] 70% o]kl 9ol =kl 991 xke} B
2884 WA 2] (sheet erosion) ¥4 7} X]E%%Q] = FAIA= HHAAE FERNAA T, A EQAAFeF 2390
ZE 5ol 23 AlFR A (il erosion)ol] 23] LAE= & A= AubE o7 whalg 1S w2t
ALe] 01??“4 HA 28-S BT 4*““’/} JXP-J B3 00 mo oA
212 53] - atrel A Al Jaks v
t}. Park et al. (2005a)2 ¢+ 7|9 W20 = Ate x7] SEMMA= 7-9-912F, A1 A8Q12) EkQIAF 9 =& 1=k
Rygo] BEokzl o] AL Ag #ASA K} g rista, & AHgshs A -2 A9 EE Ul mE B
2 A5 dagrishs S 2estr] fl8] ESF P2S Afeste] HFHor EdHATS s
o] g A8 S eiste] - Ml A EAAY AR =] Sl
5 WL Alsletrt 2ol AlFEE Fo]7] $18 AR A S flE A sy E adof &
o - A EE WS sk, 78RR E 5 |, ol F4F HAAAee] IR e
7hete] EFHAE AP 22 as S} TH(Park et (Wischmeier and Smith, 1958; Renard et al.,, 1997). 34]
al,, 2006). 23e] A8 He= A2 Ak, FAA Slerosivity) A7 EGFA A5 sk A &=
MR T} o] QI9jH o2 AA WAL AT o] A xw e 9]gh F 3 (splash) ¥Rk ofy e}l ]

Table 1. Regression Model Equations of Soil Erosion Divided by Rainfall and Vegetation Cover

(Park et al., 2012)
Ram(film()iepth Vegeta;n;r)l cover Multiple Regression Model n r ENS
(0]
0<Vc<35 q,= 46.36 RI"® fucdr %7 §00%% 7o~ 1T 76 | 0711 | 0215
0<R <80 35<Ve<70 q,= 3407 RI*™ [ycdr™ "7 §0" 2 7o~ 02% 164 | 0685 | 0.298
70<Vce<100 q,= 79.17 RT3 pyedr 1430 500608 7o~ 1700 216 0.546 0.254
0<Vec<35 q,= 3.113 RI"** pedr ™8 5009 1o 1551 63 0.859 0.659
80<R <380 35<Vc <70 q, = 2:964 RI"® Redr > 8044 1~ 0540 188 | 0.719 | 0.462
70<Vc<100 q,= 27.56 RI*™ pedr 147 §o"H10 1o~ 1220 332 | 0484 | 0.130
0<Vc<70 q,= 2477 RI"" Ipcdr™**? So 1™ To 9% 20 | 0903 | 0.885
380<R
70<Ve<100 q,= 0.00544 RI™™ pedr™ 372 §o"90 Tot4™ 42 | 0763 | 0.182
Total q,= a RI “ bedr’ So® To® 1,101 0.794 0.864
n is the data number
r is the correlation coefficient
ENS is the Nash-Sutcliffe simulation efficiency
H46% 9% 20134F 9/ 887
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5] IARES F3ate] AT ek
Te=Y, Vel/100 oy
Toed =Y, Vedl /100 ®)

9] AAAFAA Vel & 122 AT8(%)S, Vedl<
GRS E3R 152 A9E(%)& ek,

Zmal ol 7o x| g3} A PR Eoko] AkeE S
F7HX717] W iol EgHA il A 7]ed3t) Lee
47 2mm olske} 2e] Ax

A5 Wy, <g/m2>o1 AxAAe] FEAF etk oS-
5 ol AT el o} T A
7H3E AR AT e HRAZSATE Wy >
B Z2Y w 800 (g/md) o2 7145}

wﬁ

al. (012) A%e) Hrjazzge] hiet
%k | uQ) et ABASE T A

=
AT oedr& AN

1> # 2
N

Toedr = Bed+ Wi/ Winax ©6)

A xe}F A et AA BFE aE g A AR e e A

T vlal] EA ] AT 7HE A e
Wl ARG AL Hel= 0.06~3.3022 RUSLES] C
kW9 00001 ~1.020 2ol mE Ak W7 24
et S el

B 2 A(erodibility)2 HEAFo] A AE
o} B Bo] wo Zrlalt) AEQAAE A& 4 3
A1 At o] A7) wiolth(Yariv, 1976). EF U4
0.063~0.250 mm HH &= A& sdu =] 9 B
2} vhe](detachment) 7} 7Hg 8-©]3lcH(Poesen, 1931).
SEMMA 7% tid=x]e] B2 0.05~20mm ¢4
Rzt /g & ulES A g weba Eoke] iy
7 S7he RAE v SUHE nEte s B¢
of fElatAl A-8-gtet. 1eiu 947 0.2 mm ©]/de] EAL
PA= Aol STk wet A GE T gt
(Savat, 1982). 53] 5449 E& 543 Aolgt 44

Az QA2 wo| Eo s}ﬂ 2AtHLuce,

_4

= ARa #&

A mel B BYAAS A, 18
of diF Fe EALS] vl Eohul &A% et Aol st
(Park et al., 2012).

Is = Sr/(100—5r) (7)
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2 7] W& §71% ;Lak4 Z7}=
21t Voroney et al.,, 1981). T4
UEh & A gol A Za7kAe] AR B

A AR A A R e
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to ot z2 rlo

2 e for HTomx

[e]
wirell mEw A 2o ittt B 4P
X4E(<0002mm)L 0.8 £0.4%, AE(0.002~0.05 mm)<=
37+ 17%, 22(0.05~2.0 mm)+= 67.9 + 88%, (> 2.0
mm)+= 27.6 +9.5%°] Helo|th
A g QAk= RUSLER @A ARg-sl= Apd o)} 7
ARSI E ARSETE A A A S Sl AbaA
AR 2 Aol E 9 AeE ARE-gtE McCool et al.
(1987, 1993)2 USLE 713 #A55 FRislstAl H7feto]
T4 APAAARIARE A S,

S=10.8sinf+0.03 ; sind< 0.09 ©))

S=16.8sinf— 0.50 ; sinf > 0.09 (10)
AA7VA, 0= AFRZ AL, 919 AES FH Y] 84% A
WA ZFHHE 55 vigo R i)

At o] o1xl= USLEY] 7] & 25E McCool et
al. (1987, 1993)°ll &J3) AAlE 218 HEHs Aolu)

L= [\/10.0]" (11

ol71A, A 3 £ AlAdol(m)o] i, m-S ApH o]
T2 AT AR 312 vl dAIR THFoster et
al., 1977; McCool et al., 1989, 1993).
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AlZItHHeusch, 1970; Odemerho, 1986). QyH2] o & 13k
APAL] 739 Z3gh idle] o] g Rk AsE AAudo]
AP R A 2sleh A A el Fo] & kel 5
AP = FEAPH E T A 02 EAMyE o] Ao
W, 5% AARE frAlskE Aol 7hs stk Ak o] APE S
Al wdo] golshA] gon g ApAel7} UM E
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UH(Park et al,, 2012).
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Disaster Management Institute (2011)2 A%+t 7390l

A2 A TE BS54 DBE 53k ct
SARel et 9= A9 Huff774S AR8-3ke

A&7170E 749 B D AR E AEsHk
AA| A FESS
A= 4}7‘33}% Zio] 7}

SEMMAZ2] 2]
A3 AT hedrE FHAT Aol A A H 2AFe]
2 3= dolt) v YA el A2 A5+ (Nor-
malized Difference Vegetation Index, NDVI) &-&-° 3%
A gk A9 o] A xIA s 7HeA g #HZe] 1
AT 918930 A5 FH 50| ol XA RUSLES]
A %A Cgk A4S 913 NDVIS] &-g0] S7lsta 9l
tHDe Jong, 1994; Van der Knijff et al., 1999; De Asis
and Omasa, 2007; Drake et al,, 1997). ol A= A=k
9 99 A sl ul2 MODIS NDVI G4A85
313 2™ (Park et al,, 2010), Kim et al. (2011)& ZH %<
S o A% AT EE 1eot 989 E A5
NDVI®| “$8#AE AA3F T, Lee and Won (2012)2
217499732l NDVI JA 7hs 2]AJod ol wpe} & 49) &
o] o] HAR] A7 o= EjAlste] ThE Eq. (13)= Al

Ay

Ve=116.28 x NDVI+3.453 13)

AT EE = wlES(%) TYe|ng wEe] X # 1A}
2 At A1717] Y8l AR EAGF 5 AAg

Ie= Ve/100 (14)

RUSLECI A 9] ERIA = H2H] BEqke] 248 25

a1 Q)7] wiitol] xpael gk ks A AEEA R

. 22y} SEMMAS] A5 A EYS diidoe=z 317

] o] ok él,y(rock—fragment) ol sl

%7P’6P7] U:HT':Oﬂ =3
o] &2 Hu %5%E At HEC] EYUA 2mm

ool thaliA = ApAn &= ARESkaL 1 o] stel thalA
= B S2 5dth ErEE By A - 3z EA
ﬂé xﬂ%sm o] f71% gt o) EERE

890

1 g3k Rt 57F B @t 49 o Eq. (15) 2ol B4
F715 s A S E8ste] EAS A E 4 9tk
Sd= 0.055 Om*1% (15)

AP AAR= SEMMA 7] B34 e] Apdzdo]- AR
2F g As a2 ARgg gl #-9]9] DBE
DEMS 2A43%h= IA(Filling)S A% & &8 8%
7o 2 Azts E9EKFlow direction)S %3t
2t & 542 2k(Flow accumulation) & ©]-&-ako] &}
A, AR FETHS ARToZA 79
A7} &4 ¥tk (National Disaster Management Institute,
2011). A EFEA Ao A] =53 §-99] AR 5243k
I AREE FARETN 9 DEMe =YY F=3
AAHE) 9} HAH%)E 7HA L AFA AR o] A} Ak ol
g3t} AFHAARIARE SEMMA 71220 A ALg-3t
McCool (1987)9] 218 1t & ARg3he) AFZdo]Qlzk=
ﬁﬂ?"?‘?ﬂé‘ol 10mE &= SEMMAS] Zo|2lx} 4

o] AF71edM A& 183 Desmet and Govers (1996)°ll

olal AAE A 2 Aolt,

oﬂ o N mo

2\m+1 m+1
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ij m—+2 m m
DX XX10
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¥ AR 71w A (m)o]u,

]— ij— inl‘f: Z%X]V
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EF4 A4 & Table 29 2tk A wP o] A%}
Aol vhat Ws el grel Mgl v mYel g
3} 2 Aelg weld| gtk deht mye] RS
07645} WO &8 06902 Bel HA e} this s
o AR ARl AR A -9 380 mm o}
o 492 Algletn EPPA wle BAS welth
A% B S8 59 A ARRES DR 2RI 1
ol o] AuIAQ) I WA Hw, Aol 2 Al

Ape] kel whel EARREo] 7Haey] wjEoltt.
217 SEMMA 282 o7 AAe EALG-Zaka) 74

€ SEMMA-Tco] B0l Ame A= EAleS ek} u]5ms)
of WeRdl Aol Fig. 1°]th 7i4d SEMMAS®] .o 317}
Hy 2Rt 3o AAASLE B} #=glo] 2o

-~
Z3lal BEghe] a9 A oS 1=}
o] gulkA el 73K (Nearing, 1998)¢] = 3 u¥at o}
T A% et Table 32 £

Table 2. Model Equations of Revised SEMMA-Ic to Apply on Wide Area

Ram(ffrlllmc)lepth Vegeta(t:;r)l cover Multiple Regression Model n r ENS
(0)
0<Ve<35 q,= 38.658 RI"5% [~ 0500 0007 1631 76 | 0705 | 0.196
0<R <80 35<Ve< 170 q,= 0.419 RI" f= 3157 5 o002 0312 164 | 0643 | 0.285
70<Vc <100 q,= 9.428 RI"3® o~ 487 o027 = 1793 216 | 0580 | 0.233
0<Vc<35 q,= 2.223 RI"?® [ 0761 G019 g~ 1401 63 | 0.854 | 0.637
80<R <380 35<Ve <70 q, = 0.291 RI"%82 jp= 3546 6 0009 7~ 0742 188 | 0632 | 0414
70<Ve <100 q,= 2.559 RI** [~ 6373 §o0140 g~ 1192 332 | 0534 | 0144
0<Vce<70 q,= 0.0316 RI"™ Jo=3910 500587 1 0063 20 | 0.893 | 0.693
380<R - : :
70<Vc <100 q,= 0.000248 R Je~ 1152 0033 1316 40 | 0.773 | 0.109
Total q,=a RI“Ic"So° To" 1,099 | 0.764 | 0.690

n is the data number
r is the correlation coefficient
ENS is the Nash-Sutcliffe simulation efficiency
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Fig. 1. Comparison of Sediment Yields Simulated by Original SEMMA (Park et al., 2012)
and Revised SEMMA-Ic (n=1099)
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Table 3. Comparison of Statistical Analysis for Parameters of Original and Revised Models

Rainfall depth| Vegetation

SEMMA

SEMMA-Ic

(mm) cover (%) RI Tocdr

So To RI

Ic So To

0<Vc=<35 | 0.652s*x* | 0.154 0.227+ 1-0.202 0.652#+x | (0.189

0.227%  1-0.202

0<R<80 35<Vc<T70 | 04945 |-0.400%%x | 0.269%#% |-0.242%% | 049455 |-0.400%#

0.269x |=0.2425

70<Ve<100 | 0.221%x |-0.307=xx | 0.302+% |-0.309%#x | 0.221%%x  |-0.442ss:%

0.302ks3 | —=(0.309sk s

0<Vc=<35 | 0.776%xx | 0.031 0.107 -0.221 0.776%x* | 0.056 0.107

-0.221

80 <R <380 35<Ve<T0 | 0448 |-0.517+=x | 0.128 —0.212%% | 0.448%#x |-0.416%%+* | 0.128

—0.212:%:

70<Ve<100 | 0.258:kx |=0.300% | 0.247+% |=0.231 k% | 0.258%k% |-0.431s | 0.247

soksk | —(),. 23] ks

0<Vc<70 | 0574 |=0.737+%x | 0.365 -0.151 0.574%%x |=0.789%x | 0.365 -0.151
380<R
70<Vc<100 | 0.519ssx |-0.442sx | 0.226 0.037 0.430%#* |=0.556%s* | (0.380%* 0.084
Total 0.409sx |=0.489ss | 0.355%skk | =0.220% | 0.406%** |-0.456%k% | (0.361%+x |—0.220%x*

*. Significant effect (p<0.05), **: High significant effect (p<0.01), #**: Very high significant effect (p<0.001)
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Table 4. Characteristics of Topography and Soil for
the Experimental Watershed (2002 to 2004)

Characteristic Unit Values
Area (m®) 6,820
Basin length (m) 126
Steepness (%) 30.2
Soil depth (cm) 39.0
Bulk density (g/cm®) 0.92
Organic matter content (%) 4.95
Soil mean diameter (mm) 0.89
Gravel (%) 20.3
Sand (%) 70.9
Silt and clay (%) 3.8
Vegetation coverage (%) 52.3~77.2
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Fig. 2. Location and Topographical Map of
Experimental Watershed (Shin et al., 2013)

SEMMA-Ic9] %9 A3E ujauslr] 93l Fig. 32 2]
HER AT A5X]9} of| 53] Abe] o] A= 0.892¢0]
a1, RO G EAG 078602 3] Fad HoAnE B
Atk AF EAMFET digk & 2o EAMGEE] v
&2 686%% AR G| oS3tk 53] 2 739l
g3l Z¥o] Hfargrtshs 2495 BA o= & 3%
Al 9o 2 dee] ok F2o] F718r] wiiEoltt.
SEMMA= AbdeA] dAsHs BEAMTES oS3}

Dolmz foof Ag3 g FRikdol o3 EA}

=& nesfof stk R} 2 ol gisiA e
| i F 7 sl A 2t o
7y AA el Z7), Bl 9 9 S e o) 32
EARS] o]Fo] Aghy] 7] wiito® ke th AP
ol ¢] EAbrE AHdS 9l RUSLE H= WEPP
Arol] w2 WEPPS AZ3kell kA = AH7t
sh= WHH, RUSLE:= #djsg7keb= Aol Arh(Klk
and Zartl, 2001; Bhuyan, 2002; Kim et al., 2007). 5744
U R 9} e FadA|E dig o2 7ae RUSLES]
78 AxA A Cre] FHoiE 7kt EAEE(SDR)
o] ABrh= FYoR2FE Y] BEAMESS H] A3t
ANE zyeth 7)) 8 2 WEPPS
E57F AR7LEE A FEAAS BosA] &
o ¥4 7keE 27}k 9dck SEMMAE 43 %<l
Jo]71= s, 9 A4 Aol RUSLEAH EAMZ

i

O

)

464 H99E 20139 9H

10000

y = 0.594x100
R*=0.796 X

1000 -

’
x Xyt
56,4 /
’ X

10 1

Measured sediment yield {leg/ha)

1 10 100 1000 10000
Simulated sediment yield (kg/ha)

Fig. 3 The Relationship between Measured and
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