"m Check for updates

A AEE]A] A 58W A 4%, p. 479-488, (2022 129) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 58, no. 4, p. 479-488, (December 2022) ISSN 2288-7377 (Online)
DOI https://doi.org/10.14770/jgsk.2022.58.4.479

MUSLEE ] 83 =34 A4 24: A4t 3Y3U 549
U] AT

Topsoil erosion risk assessment using MUSLE: Case study of the Jungsan-ri
region in Mt. Jiri national park

Youngchan Cho' - Jisu Kim® - Minseok Kim® - Choon Oh Lee® - Hyun-Joo Oh™
!Geo-Environment Research Center, Mineral Resources Division, Korea Institute of Geoscience and Mineral
Resources, Daejeon 34132, Republic of Korea
’Department of Social Studies Education, Chonnam National University, Gwangju 61186, Republic of Korea
*Landslides Research Center, Geologic Hazards Division, Korea Institute of Geoscience and Mineral
Resources, Daejeon 34132, Republic of Korea

2 o

H Ao AE Ak FHTHUY {92 diAke 2 SWAT (Soil and Water Assessment Tool) 2% 2] MUSLE
(Modified Universal Soil Loss Equation) AFgA)-& o]83}o] ZF APAT9]9] =R HS](Hydrologic Response
Unit, HRU)E EFFAZFE ALIsta, GISE o]835te] EYFAZS TR =2 st £3
SWATS o] §3te] §3& RS, AE4ROR 0|2 AESAT. YSRNRE /AAE, §2A2, 217
£ EUE 9 QAT 58 A8elaich A folol A2 B4 vredels] 93 AEkE agolol oh
HRUE AAsIH L, 44 &30 AFRIAE 25 1123 MUSLES 2-8351%ich 1 23 EfAwol
2 A9 2AET Hagoe] £axske 2o 2 Urtgth 2R3 HEad Zogtat Ak tigh R2
QFNSE+= 257 082 $2 5% Btk £ d7olAe d7A9E 2f90] obd HRU HE =2 o] 24
51517 W&ol AbHEE ol o ETAY 4= Stk E3h, EFRAT Y 2B AFEE FHeR
oo 2 EGAEA Y X &A1 BAT tjEo] ESRA U] AYE s g 71 2AwA Tl 1 &
Zo] gl

F20{: SWAT, MUSLE, GIS, #E34], EFF4

ABSTRACT: This study simulated the soil-loss yields of a catchment in Mt. Jiri National Park at the hillslope
hydrologic response unit (HRU) spatial level using the Modified Universal Soil Loss Equation (MUSLE) in the
Soil and Water Assessment Tool (SWAT). Furthermore, topsoil-erosion risk was mapped using GIS based on the
simulated soil-loss yields. Discharge was analyzed using SWAT and validated against measured station data for
the validation period. The input data were AWS data, discharge data, and a digital elevation map (DEM), soil map,
and forest map. To reflect the erosion characteristics of the hillslope basin, the hillslope unit was subdivided into
HRUS, rather than using the coarser sub-basin level. MUSLE was applied considering both hillslope runoff and
topographic factors. As a result, the areas with potentially high soil loss were those where Seogto and Geunsan
soils were distributed on the soil map. In the validation of the simulated discharge, both the R2 and Nash-Sutcliffe
efficiency (NSE) values for the simulated and measured discharge values were 0.8, indicating good performance.
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The results of this study can promote more effective slope management in the study area because the slope was
divided at the HRU level rather than the sub-basin level. In addition, major objectives of this study were to determine
amounts of soil loss and potential risks of topsoil erosion spatially, to provide basic data for establishing a soil-loss
prevention plan and continuous conservation of the soil ecosystem.
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EGE A Y drEAR 7IlA A=Ag4t
o] 7|dto]m Z+F A ¥R FH = AF7HEA
sh=t w9 a3t Jg2 ok shATE A AAA
o2 7|5 8 A A= Wt S
o BSR4 £=7F S7HE AL AvH(Zhang e al.,
2005; Chiang et al., 2021; Kim et al., 2021b, 2021c¢).
So] A EERAL 62 WFES U AYe}
4 297} cha AT Aol BH2A) M= T
QItKBae ef al., 2020). 7o 27} BE A o]
AohE B4 EAGE U ARETZ AL 2
Al 4= It (Tomoyasu ef al., 1995; Wei et al., 2007;
Kim et al., 2020b).

EUEte FEY oF 64%71 AR 2 o] FoiA
QAL 2 YT U Ao ARSI =
H3EE 5 AEY 22 AAHAY} 23, FH
T QJUEAISA Y] Hu2 x|, L2jutete] 2]
Q1 FokA o7 AR It Sim and Lee, 2010).
SN AS392 AR 28 B A4S
o] ohie gideln, S4B Aalzre) waje
& olth BB AR, A%, 511 @ a2y 54y
o] 29 52 v} F45AS AL, 54
& oFskA1Z 2= QITHKim ef al., 2021a). THEE
FEPA 02 QI BAS AAH 02 Bt 9
e e Ae) rgelel g o] thek YA
ol 240] BRaic.

A FEYAS YPH o 2Hskn Brkek
= A2 B2 AR oY 9 Hg Fo] 2857 of
2ol @AA o= Aofo] Wt A A Aol A
+ GIS (Geographic Information System) S3Z
Aol 7178, A¥, EY, EX0lE 59 dAES L
2sto] ZH A E2)7|5He] REA 2 /5 20|
=L, o]t RP 9| vl wiA A= Eol
AP =] QItiSadeghi ef al., 2014).

T ATFolM= REIAS B8] S8l o

et Fejet FARE 2= A oA BEEE AY
< 39l ARE st HHA 02 7 Universal
Soil Loss Equation (USLE) 2&-& Wo] A3s)ar
QTtH(Williams, 1975; Lee et al., 2014; Koo et al.,
2016; Kim, S. et al., 2017; Yu et al., 2017; Kim,
E.S. et al., 2020a). 121} USLE 2§ A3 =
9] FAA] Bz 9F 2590|519 7]&71E 7HK] AL
He o= /N7 dhize] Abg oy Exet
FE ] FHolu AP Ao EFLAZS dlSst
7] oE 9] o]& Hdt By S| FHE e s A
L3 QUi et al., 2012; Choi et al., 2013; Koo
et al., 2016; Benavidez et al., 2018; Gwapedza et
al., 2021). o|& 59 Bieger ef al. (2015)= ARG
%S 4O 2 CN (Curve number) 2] 7]-&7], SH
35, Ao, SCS-CN9| tfj7fj 4= H7 59 v
He 74 9 Hedsto] Ax{E5F D HHE A
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A MAZ ez Fol ARHI Q= v B8 5
3}kel SWAT (Soil and Water Assessment Tool)©]]
A= USLES] 7 R0AE & &30 AFRE
FY Frr " FEUAE dAIGE Modified
Universal Soil Loss Equation (MUSLE)E AR5}
1 QtK(Williams, 1975; Lee et al., 2019). THt,
SWATS &85 ti-29] A+ thte 799
278 FHOR A7) 23§41 9 sk
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AP Ao 25 Kim et al. (2021c)= |24t
1 tjAko 2 SWATT} Geowepp?] 29| 952
A7} v| st T3 SWAT 2dlo] DEM sjAtE
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Kim et al. (2021b)= A At 9 iAoz 7|5
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~ 127°46'00", £-¢] 35°18'00" ~ 35°21'00"°] ¢
UK TE 2). BFA|H ] 2= AsHE(1,723
m), A|AE(1,808 m), HLE(1,915 m), £5(1,874
m)o] YXJ&f UL, FEFo 2= HA LT} YR]3] Q)
on, 52 HARANA 7Y A7 AHHL g
Fetch AFA|9 9 QA giRE gl
AU 55 1A= Ag-dy 2o R o|F
o] A QJth(Forest Geospatial Information Services).
A2 Adude] stHuete g A E gt
(data.kigam.re.kr) 7|9lr-S 11 Q= B2 A4
of Q= AR FHE T, FAHE) 3}
(Korean Soil Information System). -5-5 9] &£ &
= AFL HALYE: 35°1820.33", H&: 127°
44'53.55") 2 AASIAN(THE 2a), FESES A
3 AR FFAE DA 5 ARG 7
WAL o 6.9 k'R, 9% 136749 S2ukgeh
2 (Hydrologic Response Unit, HRU)Z E&3}1%
o} AR Fo] &3 4P| 7= 7E~8Hol
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tH(Kim et al., 2021b, 2021¢).
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Fig. 1. Flowchart of the study with SWAT.
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SMERo] A% &S & 4= ti(Amold et al., 1998).
Y PR EHHUR)E 2, A& 9 74
&, S B, sk Foll tig 297t 7hs
s, EeRg A% U GURA A7 BE B}
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SWAT oA R E-5-2E3F2 SCS curve number (SCS-
CN) Higo 2 AXRIFTHAL2, 3). SCS-CN (Soil
Conservation Service, 1972) W& nj A9
garoz 20 ot 574A Agelo] B35 B
AZ ek AE4 02 tepd Exlolg U =9
oA FEFS F45H7] AR 71 AlEst] flsh
7iEr=] itk Rallison and Miller, 1982).
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Fig. 2. Study area with (a) hillslope HRU and geology and (b) discharge monitoring system at (c) Beopgye bridge

in Jirisan National Park.
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Table 1. Input parameter in SWAT.
Parameters Type Source
Precipitation Beopgyegyo
Temperature Jirisan
Climate parameters Wind speed Jirisan
Humidity Sancheong
Solar insolation Hamyanggun
DEM Elevation NGII
Soil Soil Series characteristics KFS, NIGS, KICT
Landuse Forest type KFS
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T 7ol o7 EGFHATE B7he SWAT 29
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3 A E RSk 799 A7 ASA S WY
517] 918l SCS-CN&| A7 (R, )= iF Lol
FaE 2o el FHos Aoy
(Kim et al., 2021a). o] o] 7}¢=Fo] 1A]7F =<
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FESACHKim ef al., 2021a).
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shareich. §9e BELolA SHEE ok B4
o] BAE B3| AWF fO = WPl H-
91 A THAE TEUTHKim e al, 2021b)
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2 5o Bt




484 282 P24 -

A HAR = FEX] 2] 2 ¥(National Geographic
Information Institute, NGIT)o| A A|-&3}= 1:5,000
LA ST ETHE 32510 ArcGIS
10.5& ¢0]8€3}4] 10 m A =(Columns 497, Rows
449)F 7HA= DEM At 3a). 1
2 AAE DEMO]| SPdEAIAS ArcSWATLO 2
Burn-ind}] AR S-S £foz F36IrHKim
et al., 2021b). 18)31 AFH % (Korea Forest Service,
KFS)o| A A|gst= 1:5,000 A YA EF=(TH
3b)E 7|Hte 2 IPEsYsk(National Institute
of Agricultural Science, NIGS) SE % (Korean Soil
Information System)®} $FA47| &AL (Korea
Institute of Construction Technology (KICT), 2007)
oA Algsh= A A ZhS Pt 551k
EXo]- A7 = AP A oA A= 1:5,000 G4
T(3Y 30)E 7|Hke 2 SWAT 23 9] Jgxa s
F25FQTHKim ef al., 2021b, 2021c¢).

24 7EUS

SWAT 2&-Z o] &3t R ol-fafo] thgt HedS
F7tel7] Sl A4 AST FHARE o &
stod AAAZx(Coefficient of Determination, R*)}
23§84 (Nash-Sutcliffe Efficiency, NSE)Z

F3FATHA] 8, 9). R*:= NSE Ro|o} A&gro] 4
WA} FoHd4E 10f 77 A AL, NSE= 2.9
o AZgho] AXT4= 19 77K et 242+ gk
2 o2} Zro] AAFEtHKim et al., 2021b).
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Fig. 3. SWAT input spatial data.
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Fig. 4. Time series of observed versus simulated daily discharge using SWAT.

40.0

w w
S v
o o

N
oy
o

-
"
o

Simulated discharge (cms)
> ]
o o

R2: 0.80
5.0 B
&0 NSE: 0.80
0.0
00 50 100 150 200 250 300 350 400

Measured discharge (cms)

Fig. 5. The result of discharge validation.
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Fig. 6. Distribution map of topsoil erosion by MUSLE (a) and its modified LS factor (b) at hillslope HRU spatial

level.
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