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ABSTRACT

Due to increased human activities and intensive rainfall events in a watershed, soil erosion and sediment transport have been hot
issues in many areas of the world. To evaluate soil erosion problems spatially and temporarily, many computer models have been
developed and evaluated over the years. However, it would not be reasonable to apply the model to a watershed if topography and
environment are different to some degrees. Also, source codes of these models are not always public for modification. The ArcGIS
model builder provides ease-of-use interface to develop model by linking several processes and input/output data together. In
addition, it would be much easier to modify/enhance the model developed by others. Thus, simple model was developed to decide
soil erosion hot spot areas using ArcGIS model builder tool in this study. This tool was applied to a watershed to evaluate model
performance. It was found that sediment yield was estimated to be 13.7 ton/ha/yr at the most severe soil erosion hot spot area in
the study watershed. As shown in this study, the ArcGIS model builder is an efficient tool to develop simple models without
professional programming abilities. The model, developed in this study, is available at http://www.EnvSys.co.kr/~sateec/toolbox for
free download. This tool can be easily modified for further enhancement with simple operations within ArcGIS model builder
interface. Although very simple soil erosion and sediment yield were developed using model builder and applied to study watershed
for soil erosion hot spot area in this study. The approaches shown in this study provides insights for model development and code

sharing for the researchers in the related areas.
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oA ofe] HHoRE ARgE(Z] Ffsh| R} FoHdwo] EUY
Aol gzfEo] sPdoR [EHA Fof Holkgo] A FY
¥3ke doA #AEHA dFRE 7IA7] wEoltt (Jung et
al., 1998). &3] a7} =il AF H[EHS Aj7iste] 1y
A Y WYokz X2 o Ao g EGRAel AZst
| 2AE 7FsAd0] A3 (Heo et al,, 2005), AARTA]o] B
=29 5o o S HrpsHA FYshr] ol EAIAIE AL
ltt (Ahn, 2005). °I& a14at7| lsiA EGFAA dhalo] 4=
Helojof apA|ut, 1 Aol AEet Bkl A7) E Hed
gk A-7F AdgElofof st o]F HsliAe A7IRE ZYEHH

B3 Bhol AN Az Q1Y H]go] Wo| Eof7ith=

X,

ol AL sidsty] fleid &9 350 e LHEd
9] 0|5 9d=31= Soil and Water Assessment Tool (SWAT)
(Arnold et al., 1994), Sediment Assessment Tool for
Effective Erosion Control (SATEEC) system (Lim et al.,
2003; Lim et al., 2005; Park et al., 2010), Water Erosion
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Prediction Project (WEPP) (Flanagan and Livingston, 1995)
o] mgat 7lse] AN, telH ot AR sk
g @e wes 27 9t (Yoo et al, 2007; Jang et al.,

2010; Lim et al., 2010).

SHA|TE 7] ERAIRF AMY BYPE ol BV
' 7t Q8 dikbgo] ERbeHAAL, w2 Y AREs
@& skt SATEEC 2§ (Park et al, 2010)2] 79 7t
Aol ofsff mEo] A&HOo® HMEIL QAT ATl Z
o212, AR & Input Datas WHE YJsfjof 3= WS
AYaL Qle}, E3E ARSAPL Yeteti2 0] ket T

2 g3lo] o|gsi7lole olel AgHel Stk of uo]
Yeiee] et ol 8AIES Ve BRE A5o] ARt 8
270 9 BRE At

AT-E Zegstar AT (Kim
et al., 2007; Lim et al., 2007), titkpe] 25 27
AA FES USR] §ar Q7] o] mEe] jAe] A
o|FoJR|A| ol Qlth Z|Fo= TR A FTof| FHE
3 4= 3= Open Source GISE 83+ Al&F] F50] At

Z7¥sk= Aol A9 (Nam, 2006), Open Source GISE
ol-§3t HYPEE e ZEIHY AdolE SASHA] K3t ]
A7k BEe 49s] sidstar AAAZIAY 4 ke A
of ofglo] Ut E3t EEAS Fol aVfE EFRAR
AR7IRIES FYe 715S T ol Al Q1] S5
FEA} o]FolAo} gt EAMe] Qo R 50| By &&
Hog o]gxEol]7] s BF o whedlet AMgAE 7t
T5E HgS anAor Rkl BlAETFY AMAE
A 2ZE 4 T 5 Y= o] mAE|ejxjof gt

olof we} F ArcGIS 9.3 M2 Model Builder GIS
ZaHo] 7=} (ArcGIS 9.3 manual, 2007) H]HE7}FO]
AFAEE ArcGIS9] ToolikS o]8-3to] thedtA| 9] Process®
ojFolA= HPL FETlo] ofy ARAE o] 3R &+
AL, AREARE HEPQ AAHEALE A dAERE gl T £
A =Sl olF Sl 2FY WME ool HPS AR 3
of A AiPERE st st Aoy ARl HE
2 Agsto] o]§& 4= A =tk ofn] sjolAl= ArcGIS
Model BuilderE o|gslo] st B3 2ol 7da) #
ALAZ] AL A fEF @A ol olFoxaL ANt
(Rhonda et al., 2004; Richard, 2006; Schaller et al., 2009),
U= o} ArcGIS Model BuilderZ o]g3t 27} ujn|gt
AAolrt,
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1. ArcGIS Model Builder7i £

ArcGISe A2 AEE AHgsial 2s yst=d Zagt
o] FH Wet =5 (Extension)E= =0} Qlrt olfdh =
T=Z GIS AH ARE Aefoh=r] AME]0IA|AL, Geoprocessing
o] 7125 A3} GISY Geoprocessing 7]1&2] Hlolg
2HE AH HE w3 (Extension)E £9) M2 AHE F
Sot] £4 7)ol Agstal 1 Auks A2 HlolH] 7]
Eoh= 4919 S 35k Hr

oA IFEE Fig. 1AE ASHOE Hop AREAR
sloj= S At wd ZeOeior Byt ke
Z0] Geoprocessing Frameworks 7|22 3t ArcGIS Model
Buildero|tt. ArcGIS Model Builder+ 71&¢] ArcToolbox®]
F 2 BAE g8e, ARA= Ydks Toold Dataset
Ao s EARE GISHYS A A= it
Aol Model Builderell 7155 &4 &4 2H9&
oA =, 715E EAYE she] myow wh
oA ARgAR] HHE 2 AHeEAE S8k, AMARE A
FE ZETeY AdolE ARSI gl By 4, AN 4
S 7HA3 ek ArcGIS 9.x3E= Model Builder
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Fig., 1 A conceptual model with different processes using
model builder (Manegold, 2003)
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o] A8} Interface?] 7§42 & Drag & Drop SAARY =
Aol o8 719 Process A7} 7FsalA oW, Parameterd]

B EE 23o] Aol we: gola

2. A7 79 MY

b 9T feloR Aysint

(Fig. 2). o U7 VW FANAIE YEE B3] 197
A Aol A4HOR YET glon], 397t oI5
SCEE

o7 AMGEFo] grr) ujjy Han River Basin
Commission, 2008). alQtHe] 24 $Ix]= £ 38° 15~
38° 20, 574 128° 15'~128° 109] s}t dwze
61.78 kmo|H, Arzlo] Ay 89| 588 %, A7} 37.2
%, A7¥E 1.9 %, 9] 1.3 %, YA7F 0.6 %, ZA7t
0.2 %5 AA8la, PFI= 600~1000 mel A Go] 44 %=
Aok EFE gefo] Bxjo|c},

s A
Lo 6 9 12
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Fig. 2 Location of Haean—myeon watershed, Yanggu, Gangwon
province
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2 HAA ] EEATS A Yal Ar]Ael A A
e EfE Wischmeir and Smith (1978)0] 23] A|¢k=] <)
1, F2 HHAUTRE Y3t BT o AREE o]

Al (1) HEEFEAFA] (USLE)S o83ty

A=RX KX LSX CX P 1)

- A= S8 EFHAE (ton/ha/yr)
MJ mm )
ha: hr

- K= moalelr) (Lomhryr

MJ mm
- LS A=, BARE Q1A
- Ci Al

1) 7393415914} (R factor)

R factori= 3lF X199 71795 AEE o]&sto] Al
ofAw, H A LoAE Jung et al. (1999)of oJ& AAFE R
factors ©]83F3th (Fig. 3). Table 1 7% Aol 4%
99 R factors YERATY,

2) EFHAARIAL (K factor)

K factor= B 1179 A4S AFHOE FARE o8
Modified Universal Soil Loss Equation (MUSLE) (Williams,
1975)% o|43to] Kang et al. (2010)0] AAJSH %t Foha
K factorg o83ttt (Fig. 4).

3) 2HE72RIA} (C factor)
C factor $E5-oA HjL3k= 1:25,0009] tiEF EX|]

Table 1 R factors for administrative districts in Gangwon

province
Administrative district Rfactor  |Administrative district R factor
Kangnung 297 Kosung 250
Samchok 215 Sokcho 255
Yangyang 205 Yongwol 350
Wonju 578 Inje 294
Cheolwon 400 Chuncheon 464
Hwacheon 450 Hongcheon 417
Yanggu 350 Pyongchang 269
Chongson 250 Hoengsung 400
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Table 2 C factors for different land uses

Land use C factor
Fallow/Bared land 1.0
Paddy field 0.34
Upland 0.31
(95~ 100 % cover) Grass 0.003
Weeds 0.01
(80 % cover) Grass 0.01
Grassland
Weeds 0.04
(80 % cover) Grass 0.04
Weeds 0.09
(75~ 100 % cover) 0.01
Forest (40~75 % cover) 0.002~0.004
(20~ 40 % cover) 0.003~0.01

Table 3 P factors for different land uses and slopes

Land use P factor
Paddy land 0.2
Slope P factor

0~2% 0.60

2~T% 0.50

Upland 7T~12% 0.60
12~18% 0.80

18~24 % 0.90

24~30 % 0.95

>30 % 1.00

N

+

R factor
High : 350

Low: 294

0 15 3 6 9 12

Kilometers
Fig. 3 R factor

BrE o]83}9, Jung et al. (1985) (Table 2)°] AAIStE C
factorg ©]&stAtt (Fig. 5).
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Kilometers

Fig. 4 K factor

C factor

. High : 1

Low: 0

0 15 3 6 9 12

Kilometers
Fig, 5 C factor

4) Z+=721A} (P factor)

P factorZ Park (1999) (Table 3)o] 3t 514l AZHIAS
eishth= 7MY oo, ARzl wE P factorg o853t (Fig.
6).

5) AAE, AAA 91A}F (LS factor)
AT A0 BRG] |2 oJgf

— 09 ]Z]’— UO] LS
factor2 UERACE 2 Alof|A= 423 17%E (Digital Elevation
Model, DEM)S ©]-&3}] Moore and Burch (1986a, 1986b)

o] ARkt 4] (2)& ol&3tALt (Fig. 7).

A s sing ;3
LS (22.13) (0.0896) 2)
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Fig. 6 P factor
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High : 45.4068

[

015 3 6 9 12
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Fig, 7 LS factor

4714, Ax SA9HE (km?), 0= AAFE (degree) ERATE

APgstal, olE A
S HWkskEth & EA dist gAY vlE fEE
(Sediment delivery ratio , SDR)o|g}al 3t} o]¥ & LoflA]

de
Ly 1‘;___]—% /‘\l.x %L);' 7P de] AREE IRl Q1= Vanoni
3)

2 olgatdic

SDR=0.472% 4~ 0% 3)
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A71M, Ae FAHA (km®)& HERAT,
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ArcGIS Geoprocessing2 ProcessE E3f U2 4diE t}
£ Processd 8 AEE 2F Boldlil ProcessE A=
qol AYS Ahsst & ¢ A Bt} 2 Aol EYRA
AT Ao A ARt 2y 7S 9Jel Fig. 84F ArcGIS
Model Builderg |85t dAHYE A-s3tstgit.

7t ESRAE A

Model Builder= 7]2&2 &2 ArcToolBox? 7|52 o|-&3}
o] ProcessE ¥F/JoHA Hrt. SFAINE Raster Data®] Fieldgk

ol g3at] =8 LRS- 3l= Raster Calculator= Process
ol U AaE T thZ9] Process® §lo] AT 4=
k= Geoprocessing= A& 9ol Model BuilderofA]
HE $8kA AR Map Algebra ToolS o]&35}5ct LS
factorAbgo] DEMO R HE =&y 999 AL 899
HAS Map Algebra Tool ©]83}% Moore and Burch
(1986a, 1986b)2] LSaHds4loll 285, AHE LS9 =%
SAFF Aol FQ3E Input Datas Times Toole 3 A%+

R*C*K*P
| Input Files I m
| LS I [ Watershed Delineation ]
Soil Loss Sediment Delivery Ratio
(ton/ha/yr) based on area of watershed

l

[ Sediment Yield (ton/ha/yr) ]

o S mlo

Fig. 8 Overview of the process outline
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Fig. 11 Sediment yield in high-risk computation process

w0}, 2L A=E3} ProcessS FAISHATH (Fig. 9).
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HREZ o g /‘\j‘i‘,JOHT.IOIE AT ArcGIS Model Builderg ©]
Lato] dE ZEe Fig. 134H At B3 Input Data
£ AEsHA =W EFRAES A APgskL, G9AAE
ot REE/AAFTE AFso® BRI Fig. 133 %
Interface 4% FHE ZR1HY AoE AMSHA| ¢ar,
%3] Model Builderol|4] ParameterE Z7[A)7]= Agtegw
Interface T4g¢] $EHT},

=
T

| xe)
'\__.‘

rsgotel=wy] Al53dE A1z, 2011



ol
offl
o
ﬂ
=2
e
o
19
=2
ol
Of

>
Bl
>,
i)
o3l
%
Ho
jsis
o,
2

-
Mosaic To
New Raster

'_I .....

*= Model USLE

C_Factor
3
K_Factor
13
P_Factor
P
R_Factar

Ir

2. E S
23

2 A7 B e ERA SHue A Y A

2y WYL AT K9 AT G2 kel 483

5l 2590] TSIRAY EFAA] W2 Aol A 2
Ao Ueht SHwe AejoR AYHYUL (Fig. 15)

Journal of the Korean Society of Agricultural Engineers, 53(1), 2011. 1

fton'ha’yn)

High : 2409.94

-LDW:EI
0 15 3 6 9 12

Kilometers
Fig, 14 Soil Loss estimated using the developed model
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salarel A9 44 Agst =Y A

High : 13,7393

- Low : 3.84301
015 3 6 9 12

Kilometers
Fig. 15 Calculated sediment yield for each subbasins

Table 4 Comparisons of major crops at four subbasins

Subbasins 3 5 9 10
Forest (%) 30.27 36.48 8.24 27.02
Sugarbeet (%) 12.96 4.81 10.14 8.23
Rice (%) 8.69 1331 27.16 7.23
Potato (%) 6.27 21.14 12.26 7.93
Pasture (%) 1.28 0.04 0.15 0.26
Other (%) 40.53 24.22 42.05 49.33

A doju= A} L] o] HAY
Bt} (Table 4).
29| T HAT Hh__r 3t E}% 2ol vlsf ol 5

2 ﬂ }0 Ay gk 4 Qlo] AREA= A B4 S Yot
+ Process®] Data?-& 44 4= St

3. JjetEl &0 BHRbA

10O

2 Aol ARS-E Model Builderg o]-8stH tekel A4k
< 18R dAsto] AR Poke B AsoR 4
Y3 4 QS 8 ”& OMEP 7k LRANE AREAL 47 H

o WA /A8e = ik B Atola] A
H mge 37 EOJ%%‘%* AT FEE AHY, a3 o5

* Single Output Map Algebra (2)

Map Algebra expression
Pow{{Mapalgebrad / 22,13), 0.6} = Pow({sin(Slope_d1) /
0.0896). 1.3)

X

Usage,,,

éomput raster
[D#USLEWLS Jactor

¥ Input raster or feature data to show in ModelBuilder (optional)

0K I Cancel ] Apply

Fig. 16 Parameter offical apply using Map Algebra Tool

I Show Help == l

o afdE AR B7EE Us o Qlth Wischmeier &
Smith (1965), Moore & Burch (1986a, 1986b), McCool et
al. (1987) 5ol AR LS AFg71%3, USDA (1972), Boyce
(1975), Vanoni (1975), Williams et al. (1975), Yin et al.
(2005) ] FEE 7Y 5ol B8 + ed, 71
B 2 AR B mRES By Aol A8dt
A 71R19]o] e AM7INE A8hrlols Ry o A
T v sl /489 ool Slth O]Hﬂ e
HAsl7] ate] ol dTE E3 eE BEHE Fig. 163

Map Algebra ToolZ ©]-8sfo] Bl #-g=of & 7]
= ARAE o8 HAd| S AMYTIHES EEol &7
83 o] 3 4 011:} ﬂ o= ARAFES 7 Process

s Adstel ol gt

>mEE_12i11En£E

o]
T U= 7;4\9& ,_‘?]_'%E}
AT1E B3 MdE 2HLS ArcGIS Toolbox HE|Z A
Z=o] http://www.EnvSys.co.kr/~sateec/toolboxs &8l At
&= %;}h /\FQZP:“OH A FEE FREH, FHOAE Edl
N &S AMALY] ArcGIS ZRIo] 2gA)7|= W
] 5\_7H5]°1 ot (Fig. 17).

N

O

Iv. 2% X &

H o)M= ArcGIS Model BuilderE o]-83to] EORGA

SATE 2 A Asdt By TRdsto] bt figiHo
2435193, 269419 Process AAE AA 489 GAEF
o] AYEGILE ERAl AT Aoz HAAE 5 A
oo kU AY 13.7 ton/ha/yeard SAP} WS Aoz
A E Qe o] A% ArcGIS Model Builder:= A3FE ZTET
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Soil Erosion/Sediment Yield using ArcGIS Model Builder
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. ﬁ Please click here 1o download the Soil Erosion / Sediment Yield

Model Builder Toolbox by DongHyeok Keum and WonHee Woo b

”E‘ Wedew el
818 xin 41 Bl Sioielsl At 2]

Fig. 17 The main screen of the website
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