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Abstract

Digital Elevation Models (DEMs) have been used to represent the effects of topography on soil erosion. A DEM of 30 m
resolution is frequently used in hydrology and soil erosion studies because the National Water Management Information
System (WAMIS) provides a 30 m resolution DEM at national scale on its web site. However, the Ministry of Environment
recommends the use of a DEM with 10 m resolution for evaluation of soil erosion due to the fact that soil erosion estimation is
to some degree affected by the spatial resolution of DEM. In this regard, a DEM with 5 m resolution was resampled for 10 x
10 m, 20 x 20 m, 30 x 30 m, 50 x 50 m, 70 x 70 m, and 100 x 100 m resolutions, respectively. USLE LS factors and soil
erosion values were evaluated using these datasets. Use of a DEM with at least 30 m resolution provided reasonable LS factors

and soil erosion values at a watershed.
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1. Introduction

F71EF FIIEE o|FoA AT FHE A e E
e BUIZe AA BEEALH AF YA, FAD FF
9 BA QA Ad8 4 BE S 74, dEd =2
s A& 5 vgd Ay AMu|EE AFstes 9T oL
Atk A EE ol2f gt Eko] §4 HH, 30cmé] EYo] T
A= 717kA] 1,000~10,000 0] ZATh= A7 a7t &
A= BEGY AN £5E v)$ =2 t(KGES, 2001). 3}
W F4% BAS 2 Ay AE-AL Eo= Qs B

A A tFe Ege] fA=L 9o, oo et
AMEE, FAAA, §7% EAZE S gk 53] 5&A
Ao B = EY FAL2 3 2% FAHANE o
FES 1A dEAQ vFeIYLeZ HFH(Choi et al,
2012) HIF L E Y B E A% EY 74 Aol oig d+
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A7F 8ol ok a8y EFFAC WA= F4 AR
9 shol7] W Zel ofe g AT Qe steh

AGYAZE o83 AW EF Al DEM SIg=E g9
mat AP FIH AGA N FEo] A5 tErT:= o
F7F AP H7|= & S(Kang and Kim, 2011) DEMALS
£ = wet A 849e HoFEt a3y I
o8] 7HA] AT =EES A9EH DEM ZA Aol [0m
x10mE AME3ste Z97F &7 dHH(Lee and Jung, 2014;
NIER, 2011), DEM A} Ale]Z 30mx 30 mE AME3h=
A= A AHLee et al, 2010; Hahm and Kim, 2007). &
5] “EEIARAL 9 B FHU A7dAe 2sd Y
HYEE AT AS AEsE FEFY AuEAR
w2t DEM 2R A]lZ 10mx 10mE &85k LS QA
#HE AFSEA T, FTEA LY S EE EAIZH(WAMIS)
ANME= 30mx30m S|P E2] DEMES Al Fate] #&H 7] Ho
A AZshe A5 s B4 HAHA Hk

ol B AF9 EFL Rt} FaAd EFRAT AFe
98 5mx5me 1t AT DEMARE 7|Zo= 213
S LS AR #F 7 sg=e] wE LS AR #e A5
1= EAske] WA EA5ke] USLE LS A4 H8A e
o 4% DEM =7t FARJMAE AAletaLat st

2. Materials and Methods

2.1. DEM

2.1.1. DEM2| My

Park et al. (2007)2 DEMS HA4& 93 FF L Fig |
F 2ol A AT & AFNAE FEX 2P LY (National
Geographic Information Institute, NGI)91 A A Fst= 3
1:5,0008] FAAFES} FAAEEELZEIAE AHEst
o GISHlA AH&et7] g A E HolHE F&338th 18
I FE AP dHolHE ol &8t TIN dataE FAHAL
o] 5mx5m DEMS AZE WH@SHT EF o] 5mx
5m9 DEM¥ ArcGIS9 resample 715& o]&ste z+z+
I0mx10m, 20mx20m, 30mx30m, 50 mx50m, 70 m
x70m, 100mx100m 3}3=2 DEME FESIAT. ©
o), resample®] -2 bilinear interpolations ©]-&3+Th
(Lin et al., 2010).

)

[ Digital Map (Scale 1:5000)

v
l Topography Data Extraction

I

‘. Generation of TIN Data 1

[ Generation of DEM Data J

Fig. 1. Process of DEM Generation.
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21.2. DEM A=
2 dFdA DEME F&37] sl o]&3t 1:50009
AAZE(FEAZZED) Y AF dHolHAME et &
2F7F HAHE 1) A2z AFGHolHAN T2
9] FAVL YHHA &2 AREOl AALH(Fig. 2), 2)
149 FA7F A&HolA 2 /K7 AAKFig. 3).
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(a) No data in Contour - Index No. 36711064 (NGII)

No_data line

contour line

(b) No data in multiple contour - Index No. 36710012 (NGII)
Fig. 2. Example of contour data with no issues.




USLE LS QIAt F=A| DEM SH& =7t O|Al= & 9]
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Fig. 3. Example of abrupt changes in elevation in contour line
- Index No. 37810062 (NGII).

2.2.1. USLE

USLE< 1960 Wischmeier and smith (1960)° <3l &
BANA Y EFHA AEE f& AgEAT 27 AL
FAld= EFRA Agol EFojon), o]F T g
et FAg Fg3] Y8 B2 F40| o]Foix WA USLE
9 EFIAY AAHK), ABJAAKLS), FEI5AAHC0), B
AFJJAAKP)Y AAEC] M2 F5AMEC] 753 RUSLE
¢ MUSLE & t©t&g s3d240] /1= Ath Aol diste
EFAAS At A2 dAF2 AT 7] @,
A AAHo 2 EYF4 o= =g USLE, RUSLE, MUSLE
go] o] &gttt & AT FFF9 duRAAIS
mE “REZAZAL 2 A S A7 oA ARE]H USLE
28 & o] &3HUTHMOE, 2012). USLE 282 4 ()% 2
tH(Wischmier and smith, 1978).

i

A=R-K-LS-C-P (1)
714, A A8 ES §A 7ts FE X (Mglhalyr)
R : <2 2KRainfall Energy Factor)

~

3
o
MJ - mm/ha/yr/hr)
K : EFE2JARK(Soil Erodibity Factor)
(Mg hr/MJ/mm)
LS : A 2K Topographic factor)
C : ZE9EJIXKCover Management Factor)

2
T oY
—Ho
ol

P : 2A#T A RKSupporting Conservation
Practice Factor)

BFAAR)E FLT 71AAER, 299 a7 4 F
ol o3t Ao FAUAYL WA+ A = & 24
H = A}o|th. Wischmeier and Smith(1978)2 E %3 20|
ticine < 127mmZ B35t QOeH, 12.7mm

2
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1 A e AR ), G), @)g o183

£
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R= XFEL, )

E=X(e-1I-t/100) 3)
e=0.119+0.0873log,,/ “4)

A71A, Elyp : 308 HA 2974 =(mm/hr)
E : /NE 299 A2 99 5 oA(MI/ha)
e &R (MI/ha/mm)
I A7 =(mm/hr)

EFIAAAAK)E Bl gt FAe AFst

EGY s8e Yehle AEEA, ol EGFUA, EY
TE, BY 53 #¥dn. EFIYHAAY #He st
7]

2.1x107* - (12— OM) - MM+ 3.25(8, —2)+ 2.5(P, —
K= 1.32]

100

M= (MS+ VFS) - (100— CL)
®)

9714, K EFFAA AHMg-he/MJ/mm)
OM : #71&

1;1]1
M ES F4o o 947 54 T
SI EF FE AF(149)
PI : EYL 55 EF(1~6)
MS : \AF WEE(%)
VFS @ SAAL 82-8(%)
CL : HE WEL%)

ABAAHLS)= AP CIIAKL) % AFEBARIZKS)E &
et shtel Fardl JIAE APl wat gho] 2Pk LS
QA= At AaL AAE §3845 g0l #A e
), 2] (6)ol 28] 43 Hth(Moore and Burch, 1986a, 1986b).

_ A s sinf 13
S_(22.13) ><(0.0896) ©)

o714, A : BF (m?)

0 BAL ), 0=

A5AAY go] WMsBTh ABARAAE EF A4
2 HAE AAES TEtGoH, BPRANE o

Exstate] ARESkaL it
I

ESREGIRIAP)E B FeAdT F2 3y 5o 9
o AAFY ZAE £, 24 FF, S dladA
Ax 53X 2= 2% 5 Frish] 95t AHgHT

FAE RE JAME USLE BF L o) &t EFHFA
Fg FsA FAHY o, gFF BE 1A AH|R
Al Al E GISE ©l &35ty XE FA4FE AHgsor &
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o] AIZHA FHA Wt §4& WIE 9 =2
GIS 7]¥ SATEEC %E¥(Jang et al., 2011; Lim et al,
2005)¢] Slth. oA ® duEAL DAANA GISE °l-&35td
USLE A& &H|E Z$ DEMS Z Cell®] 279 we}
3 k9] Aozt A SHA "tk o8 JHA] Q1A ¥ LSUAAE
7} DEM AR 371l gsiA 7 & @S weth
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o
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o
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o
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of Aol LS JIAE AL ymA
DEM Az Z7]d d#glel & #
FHAES APEsth ol wa), USLE
QI & ARARKR), EFHAEAANK), AEIERQIZKC),
A#YA2P)Y) Z$ Jang et al. (2015)°] 10mx 10m
DEM< o] &3t Add #S3S ol&stden, LS dA
9 F% 24 (6)& GISUolA AL&3t7] $18H9] Parveen and
Kumar (2012)7} AIARE 4 ()& &85k G383t

o) =
A

o

LS = Pow([flow accumulation] X resolution / 22.13, 0.6)
x Pow(Sin([slope of DEM]x 0.01745/0.0896, 1.3) (7)

o714, Pow (%, y)

flow accumulation

:x9) gl yo %S AFE AP
0 ¥ Cello] TR Cell25H Eo]

LELER

resolution . A Afo)=
Slope of DEM : DEM9] ZAAM%(%)
23 2M gl

EE GISE 8¢ 2394 4EAs7 /9 W @FS
duht zZ FAst=vh wet 2o Ao FEigo] gt
ZTHChaplot, 2005). &, AfAE DEM AEEZ A&l
USLE LS R1AgE 2FEetd, AF2AE Bvt A
wEe EFRATY 4Fgol 7HsSTHNIER, 2012). o] &
AT Ee F8 HAY FA (2, G54, 4, 944,
a3 A4R7) (Fig. 9o sl Smx5m DEMS o] &3}a]
FAE LS AAE AHEetAth Eg o] REE resampling
718€ o] &35t 10m, 20m, 30m, 50m, 70m, 223 100 m
A2 DEMS 343 & Z+ DEMQ LSAAE s e
o, o]Z2A AgH LS AAE H|2dY USLEERFES o &
S EGFAT 2PAl e LSAAE g sked e
Hode] HEd=E At

2 AT A DEM A= tist LS AR e xho]
7t EFRAZES T Qo] d= FRY gFS TA
EAE golr7] 98t 1:5000 FAAEY HF JdxEel
5mx5m DEMSZ AHg3s LS Az}, tddt sidze]
DEM2 2 4Fg3s LS HHZH(MAX), B FH(MEAN),
J8]l3 EFH2(Standard deviation, STD)E o]-&3&te] LS
A7) zpolE BASAT oE B3l o= = HEEY
DEM<S AH&3oF DEM a3 =9 EFRd F&47%9 A

o=
g Fop EFFAY B7} 4 o2 53 g AR

ol

=2 sts|x| A AH15, 2016
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Kilometers

Yeongsan River

: i Another Watershed

Watershed

Han River :] Geum River

| Nakdong River |:| Seomijin River

Fig. 4. Watershed Classification by WAMIS.
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o2 AR LS ARk EFAA; Aol7h Athe A2 DEM
9 HEErt GHAAA WESL QAW LS AR #SF
o) te Z¥ez vl AL gEEth F, LS A9 &
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3. Results and Discussion

3.1. DEM &A=+ Z1}
FEXYZELDY 1:5,000 FAAEE o] &



USLE LS QIAt F=A| DEM SH& =7t O|Al= & 93

EM
- High : 969

- Low : 320

DEM
- High : 835

- Low : 320

Kilometers|

(b) After
Fig. 5. Adjustment of DEM - Index No. 37810062 (NGII).

de] o]l dEHA 2 2F79G 52
&A1 e F/7F #Aste] DEMS AFE
4 A9 Fig. 5% 22 2759 AF
A7 Fig. 50b)% 2o #8533 eH, FFHLCZ S5mx5m
DEM< Fig. 622 A AT

mee High : 1945

-
¢ / 200
A Kilometers

Fig. 6. National-scale DEM with 5 m x 5 m resolution.

3.2. oM = LS QIX} H|w-EM Huf

7k ST wWE LS 1A e A 2 LS AR
Ba@gd Huig, EFHANA AF=rF ol we
Fig. 77 Zo] Hat Zaste 4FS EAtKTable 1, 2). 3
kel 2%, FAAF A6l o AP 2] Bt Fgst
A wrg=o] Hdgte]l Svlste AoE wgddth o9 wt
HE LS AR HHFFelAE sld=rt gobged wat A
Y 279 A wYgo] BrbssA Hol FEA AY F
of &utgt 299 ol F&sA e =HA ol 10mx 10
m DEM9 #ZglAe Fvlete 2&¢ 2 28y
Aap Aol AL ARLRE A% A Fo] HF®Y
FaE 7HAL AR dd"tiFig 8). 2¥HLo=E, ¥
9 BTE YeEE EFUAY oA sid=rt wopel
w2} M3 Smx5m DEM #3533 Holxthe AL LS
A7 E8440] AAE ALR & F QUth

7z 459 5mx5m DEMSE A3 LS ¢z %
A= Sm-10m, 5m-20m, Sm-30me SAHE 3t
1.52%, 1.53%, 1.98% G52 1.52%, 1.85%, 2.49%
1.52%, 2.49%, 3.93% X3S 1.21%, 0.40%, 0.13%
}& 0.14%, 2.01%, 3.82%< 2A48&S HATh Sm-
m DEMOIA S Hdl o482 3.93%, BHF 2A4E 247%
Bl ¥, 5m-50m A E B 23HE0] 6%E He
AoFez Z AolE BYTHTable 3). ©]o] wel, DEM
FEe] mE LS A BFAES YeiitL & F e

= 0¥ rlo rE
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2 3
37
S ___—____h——__
5 -_%\ g S
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35 T
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(a) Maximum value of LS factor vashiiion of DEM
(c) Standard Deviation of LS factor
9 B e Fig. 7. LS factors of watersheds according to resolution.
-Nakdong River watershed
Geum River watershed 3 E?;OAl A g—'l_
Seomijin River watershed m= —o +
5 .—Yeongsan River watershed B 051?—0]]}\1 ZJI- -aﬂ/g-},:_tgg /‘\_]_-Fg‘é‘l- LS C‘)_]_Z}Sq- Jang et al.
z (2015)°] 2% R, K, C, P AAZ o] &3t AFHAH
= g9 EGFAFES 2P AF Fig. 9, Table 49 o] 4
s AEYen, 5mx5m DEMeE 24" EGfAd®s 7+
o Wi sgmel tate] AR mFgAdel takel 2 FAGNA
H“‘E—-.._h_q__h 9 2= HAFHLZ 10mx 10m DEMOA 8.22%, 20 m
5 EHR.&_ x20m DEM®IA] 7.04%, 30 m x 30 m DEMOA 2.66%, 50 m
e o . S i m x 50 m DEMOIA 4.79%, 70 m x 70 m DEMOIA 10.85%, 100 m
(b) Mean value of LS factor x 100 m DEMoﬂj"] 1909%94 i]’ol‘% E%E}(Table 5) S5m
x5m DEM tgo2 Zg4d #g AEflE= 10mx 10m
FEAANA oF 4% wTA AS o2 Uehj= Ao DEMIAMY 8L WA exgE AAstd, ont =
2 nFo B o, 5Smx5m DEME 10mx 10m, 20 m X 2 2AEE YUE o EGRAES AEske | o &
20m, 283 30mx30m DEMOZ tAdle] Al&3slo T A e 72 F J+= DEM S|4 EE 5mx5m DEMY

Hed Aoz #uHh

A el ARt 2 23 10mx 10 m, 20 m x 20 m,

Table 1. The maximum LS factor values of watershed according to resolution

Cell Size of DEM 5m 10 m 20 m 30 m 50 m 70 m 100 m
Han River watershed 64.00 63.24 60.77 56.59 55.22 50.89 46.65
Nakdong River watershed 63.18 61.53 59.61 58.20 52.54 49.32 44.71
Geum River watershed 63.23 61.43 57.48 55.08 50.38 47.36 43.81
Seomjin River watershed 62.68 59.60 55.02 51.73 45.60 42.83 38.58
Yeongsan River watershed 61.57 59.11 54.45 51.52 46.22 43.56 40.59
D : Standard
Table 2. The MEAN and STD of the LS factor values of watershed according to resolution
Cell Size of DEM 5m 10 m 20 m 30 m 50 m 70 m 100 m
. MEAN 7.79 8.34 7.97 7.47 6.67 6.08 5.41
Han River watershed
STD 8.99 8.85 8.85 8.81 8.49 8.10 7.54
. MEAN 6.92 7.42 7.08 6.64 5.93 5.42 4.82
Nakdong River watershed
STD 8.31 8.18 8.15 8.10 7.79 7.44 6.93
. MEAN 5.71 6.05 5.74 5.37 4.77 433 3.81
Geum River watershed
STD 7.64 7.52 7.45 7.34 6.97 6.58 6.05
L MEAN 6.95 7.51 7.27 6.91 6.30 5.82 5.24
Seomjin River watershed
STD 8.04 7.95 8.01 8.03 7.82 7.53 7.09
. MEAN 439 477 461 432 3.82 3.44 3.01
Yeongsan River watershed
STD 6.89 6.88 6.75 6.63 6.29 5.94 5.46
D . Standard

[olI
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USLE LS QIX} 2= A| DEM S{AIEY} O|X|= HEf

. | LS factor
High : 47.01 | High : 42.19 |

-Low:G -Low:(} . -Low:ﬂ
(a) 5mx5m DEM (b) 10mx 10 m DEM (¢) 20m x20 m DEM

LS factor

LS factor

LS factor . LS factor
High : 39.52 [, High : 34.53 - High : 34.35
- Low : 0 I = -‘M:h_e.-s - Low : 0 '-Mems - Low : 0 I Meters

(d) 30 m x 30 m DEM (e) 50 m x 50 m DEM () 70m x 70 m DEM

30mx30m, 50mx50m DEM< 5mx5m DEM¥} A}
o EFHAEE AFske ALoR wudEnh

4. Conclusion

A4 EG 4 2 2 BAE 98 A AlAZ o= USLE,
RUSLE, MUSLE, WEPP 59| 2gEo] &&= qith A
59 NPT E oz BN mo AT FFH
&S PR 28y 3 o8 dFES AHEWE 10m
x10m¢ DEME& A&ty EY fFAZFS 4AHFste 42
7} &7F 84, 30m x 30 me] DEME Algste EG &

AFE ke = ol, A dd EFLH S

f

_{

LS factor

High : 30.30 5 TAAT. o] B AFeA= USLEY A 5 DEM9
™o | A=l wat Azgtel FALAHE Ls A4S 2 A4
(g) 100 m x 100 m DEM To] Wt A F Smx5m DEMY g 71F0= S

Fig. 8. Comparison of LS factor values according to resolution. Ha- 248 F3 LS A el st si8=2 DEM=

Journal of Korean Society on Water Environment, Vol. 32, No.1, 2016



9% PR - B - O|SE -

rot

kxl
o
08
i
0
2
o
i)
o
2

Table 3. Measuring efficiency (%) of STD of the LS factor values of watershed according to resolution

Comparison with 5 m Sm-10m Sm-20m Sm-30m Sm-50m Sm-70m S5m-100 m
Han River 1.52 1.53 1.98 5.57 9.87 16.14
Nakdong River 1.52 1.85 2.49 6.18 10.48 16.56
Geum River 1.52 2.49 3.93 8.78 13.86 20.81
Seomjin River 1.21 0.40 0.13 2.75 6.38 11.82
Yeongsan River 0.14 2.01 3.82 8.73 13.76 20.77
Average 1.18 1.66 247 6.40 10.87 17.22
[ ]: Suitability
Table 4. Soil loss values of watershed according to resolution (metric ton/ha/yr)
Cell Size of DEM S m 10 m 20 m 30 m 50 m 70 m 100 m
Han River watershed 40.23 43.55 42.82 41.03 37.66 3513 31.87
Nakdong River watershed 30.42 32.58 32.42 31.11 28.82 27.18 25.00
Geum River watershed 30.01 3237 31.51 30.06 27.93 26.14 23.44
Seomjin River watershed 40.92 44.70 44.50 42.94 40.18 37.98 34.82
Yeongsan River watershed 32.77 35.61 35.54 34.07 31.62 29.22 26.20
D . Standard
Table 5. Efficiency (%) of measurement of soil loss of watershed according to resolution
Comparison with 5 m Sm-10m S5m-20m S5m-30m 5m-50m Sm-70m Sm-100m
Han River 8.23 6.43 1.99 6.40 12.70 20.80
Nakdong River 7.86 5.00 0.15 6.94 12.89 21.88
Geum River 7.11 6.60 227 5.26 10.64 17.80
Seomjin River 9.24 8.75 493 1.82 7.19 14.90
Yeongsan River 8.67 8.44 3.94 3.52 10.85 20.05
Average 8.22 7.04 2.66 4.79 10.85 19.09
[ ]: Suitability
50 —Han River watershed oo wlg}, USLEE AM&3t EYFAZE 48 Alde Sm

——MNakdong River watershed
Geum River watershed

1.;_ —— Seomijin River watershed
- = T — =

) — — Yeongsan River watershed
& a0 -

— —

£ ~

S ~—

8 —

o S

‘B

%

E

@

@

2

S 10m 20m 30m 50m T0m 100m
resolution of DEM

Fig. 9. Soil loss value of watershed according to resolution.

A AlstaLAE SHE T
A A% gt wolded wE HYad xEdAE
ste 2ES Bion, 3449 9 10mx 10m DEM
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