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Abstract

Managing erosion control dams requires the annual average sediment yield to determine
their storage capacity and time to full sediment-fill and dredging. The GeoWEPP (Geo-
spatial interface for Water Erosion Prediction Project) model can predict the annual average
sediment yield from various land uses and vegetation covers at a watershed scale. This
study assessed the GeoWEPP to determine the annual average sediment yield for managing
erosion control dams by applying it to five erosion control dams and comparing the results
with field observations using ground-based LiDAR (light detection and ranging). The modeling
results showed some differences with the observed sediment yields. Therefore, GeoWEPP
is not recommended to determine the annual average sediment yield for erosion control
dams. Moreover, when using the GeoWEPP, the following is recommended :1) use the US
WEPP climate files with similar latitude, elevation and precipitation modified with monthly
average climate data in Korea and 2) use soil files based on forest soil maps in Korea. These
methods resulted in GeoWEPP predictions and field observations of 0 and 63.3 Mgyr* for
the Gangneung, 142.3 and 331.2 Mg-yr" for the Bonghwa landslide, 102.0 and 107.8 Mg-yr*
for the Bonghwa control, 294.7 and 115.0 Mg-yr" for the Chilgok forest fire, and 0 and 15.0
Mg-yr" for the Chilgok control watersheds. Application of the GeoWEPP in Korea requires 1)
building a climate database fit for the WEPP using the meteorological data from Korea and 2)
performing further studies on soil and streamside erosion to determine accurate parameter
values for Korea.

Keywords: erosion control, GeoWEPP (Geo-spatial interface for Water Erosion
Prediction Project), sediment yield, watershed modeling, WEPP
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FollMe] BAIEARR-EZTS oS0t tle ot et Rdo] 9l 4= o, At Zofol| A tpehb= 4
=, AHH, &, s 5] EX|o]&o tiEt 3T EAMFETS AT olA AHshe 2alle WA] Y.
GeoWEPP (Geo-spatial interface for Water Erosion Prediction Project) At& F-0fo]| 4| 240]= EX|o]-&of tjjst dlg]
= FAH 2 T 4 Qs Bdo|th Syt A A 2ol tisto] £%] AP =& o]-&5to] A HEE GIS
(Geographic Information System)E- ©|-8-5t0] Z14He}gt 4= 1=t GeoWEPP-2 ©|& GIS dataE ©]-8-5F0] ZE o]
AHE-EF 4= 9l E35] GeoWEPPL] 70| E|+= WEPP (Water Erosion Prediction Project) . 2-2 T}SH E2|o]-8 2
ejol tisto] ojn] AFo] El o, Fel% 72t T2 A A0] ZASE Blo] 7] wfFol ofE FAU F &l &
718+ 2 (statistical or empirical models)2}t H| w5 A] 71 A-8 1 917} Yt ufebA 9-2|ueto]l 8|14 11 &-8-0] g0
stk

WEPP B2 =7 AlEAY, BEX, A 5o S84 7|20 A% 4~ d EGX A oS 2P (Laflen et al,,
1991; Laflen et al., 1997)2 @] 220]1l R1+= USLE (Universal Soil Loss Equation)S th*5}7] 9Jsto] 7= ATt
(Flanagan et al., 2007). =3+ 74 Y AL2] Zaeof thigh -5, EGRIA] A |4 52 oS5 4= A 2 AT (A}
H 2 Afr HEo SyHE 25 km’] AR -3)7HA] A-8-3F 4 Q1 th(Flanagan and Livingston, 1995).
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=7 AR S 59, A, SAFERA D), 4, F 5ol 'de] 851 ik =gt 1 F Qo) we 7iE A
FE]ol|A] GISE A&5H= GeoWEPP (Cochrane and Flanagan, 1999; Renschler, 2003)2} 22191 Atof| 4] 217 el o]
753 WEPP web interface (Flanagan et al., 2004; Frankenberger et al., 2011, Flanagan et al., 2013) 5 t}&SH JEfQ] QI
Ej 1| o] A(interface)”} 1T}, A9k 2 WEPP ®9 Qo= Al 7ol A dojuh= AT APSd 9 HARA] 52 AH
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GeoWEPP& Al-&5tojof 3o & AR /- QoA o] EQfa} Ez|o]-go] BE Zrhal 7Hgstal ARg-stofof &
A7} ot
GeoWEPPZ 0|83t fol|Ale] f-25F Y EARREo| et A+t o|n] tpeFstA| o] Fofz| 1L Q. vl=
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Materials and Methods

A7
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S AFE = Table 13} 2Tt
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Table 1. Information on the modeling watersheds.

Bonghwa Bonghwa Chilgok Chilgok

Rt Gangneung landgslllide cofilrlol foresig fire contfiol
Latitude (°N) 37.62 37.04 37.06 35.98 36.01
Longitude (°W) 128.88 128.86 129.11 12851 128.32
Elevation (m) 340 720 630 168 278
Size (ha) 326.6 187.0 1124 93.3 34.7
Upper soil

Soil texture Sandy loam Sandy loam Sandy loam Sandy loam Sandy loam

Soil depth (mm) 120 120 110 110 120
Lower soil

Soil texture Sandy loam Sandy loam Loam Sandy loam Silt loam

Soil depth (mm) 390 570 590 490 500
Land use/vegetation Mature forest Poor grass Mature forest ~ Heavily bumedarea ~ Mature forest
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GeoWEPP 242l uhH

£ AFof| A= ArcGIS 10.2 version 822 7HEHH GeoWEPP (http:/geowepp.geog.buffalo.edu/)S AH-8-5H3Th
GeoWEPPE 24|25 Q] WEPPol 27/5H7] w20 v 71 el 14, A1, £ Exlo] &t glow
= Ulol] 2-8-0] 753ttt o] F AP 2 -yt #2] AP =L 0]t GISOlA AFEE 4= = 10m X 10m 2
71 DEM (digital elevation model) 2. & TH=3) O, EQFut EX|0]-8-2 GeoWEPP AHA|of| 0] A vl = AF A
AFsF ATLA~(USDA Forest Service Rocky Mountain Research Station)ol| A BH= 1t 8- o]-8-51%1tt E5] 9-2|uet At
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Results and Discussion

GeoWEPP 29| Z1je} HEx|ete| Xjo0|

4
1
o

A1 Q1] 71/ 2FE(2010 - 20145 ©]-8-3H 72 R th-2 gho] 92| 9| ygttt. £35] miis)
Zhah 2 ubx] kA Ugkth(Fig. 1 - 5; Table 2). Tl A 2.2 20132} 2014 0] AZ A ESZ Alo] AFthA]
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Table 2. Comparisons of observed annual sediment yields and Water Erosion Prediction Project (WEPP) modeling results
using observed climates (2010 - 2014) and two different soil files based on forest soil maps in Korea and by United States
Department of Agriculture Forest Service Rocky Mountain Research Station (USDA FS RMRS).

Annual sediment yield (Mg-yr")

e Observedimodeling - Climate soil 2010 2011 2012 2013 2014 Total
Gangneung Observed - - 13.1 62.0 1632 0.0 783 316.6
Modeling Daegwall-yeong Soil map’ 0.0 0.0 0.0 0.0 0.0 0.0

RMRS’ 1,213.8 1,066.3 2.7 667.6 405.1 33555

Gangneung Soil map 0.0 0.0 0.0 0.0 0.0 0.0

RMRS 4254 2,008.9 38127 0.5 0.1 6,247.7

Bonghwa landslide Observed - - 925 657.6 0.0 823.0 82.7 1,655.8
Modeling Bonghwa Soil map 467.3 7484 153.9 0.2 0.6 1,370.4

RMRS 3443 729.2 272.2 12 0.8 1,347.6

Tacbaek Soil map 1,299.4 967.8 2833 0.0 0.0 2,550.5

RMRS 807.2 1,139.8 3105 0.0 0.0 2,257.6

Bonghwa control Observed - - 11.3 94.5 68.6 85.5 279.0 5389
Modeling Bonghwa Soil map 2482 558.1 108.6 0.1 39 9189

RMRS 83.0 4193 123.1 09 3.0 6293

Taeback Soil map 420.5 1,000.2 220.5 0.0 0.0 1,641.3

RMRS 242.9 919.0 216.7 0.0 0.0 1,378.7

Chilgok forest fire Observed - - 205.9 184.5 168.8 15.8 0.0 575.0
Modeling Gumi Soil map 8.1 2932 735.0 0.7 34 1,040.4

RMRS 57 2283 686.3 0.6 32 924.0

Daegu Soil map 401.8 1,071.6 172.5 582 20.7 1,724.9

RMRS 3245 903.6 201.3 574 175 1,504.2

Chilgok control Observed - - 27.0 55 0.6 17.8 239 74.8
Modeling Gumi Soil map 0.0 0.0 0.0 0.0 0.0 0.0

RMRS 52 89.3 1894 0.0 1.1 285.1

Daegu Soil map 0.0 0.0 0.0 0.0 0.0 0.0

RMRS 85.5 229.0 834 154 7.1 4204

¥ Modified soil file using forest soil maps in Korea.
“USDAFS RMRS (1999).
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Fig. 1. Comparisons of observed annual sediment yields and Water Erosion Prediction Project (WEPP) modeling results for the
Gangneung watershed using observed climates (2010 - 2014) and two different soil files based on forest soil maps in Korea and by
United States Department of Agriculture Forest Service Rocky Mountain Research Station (USDA FS RMRS).
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Fig. 2. Comparisons of observed annual sediment yields and Water Erosion Prediction Project (WEPP) modeling results for the
Bonghwa landslide watershed using observed climates (2010 - 2014) and two different soil files based on forest soil maps in Korea
and by United States Department of Agriculture Forest Service Rocky Mountain Research Station (USDA FS RMRS).
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Fig. 3. Comparisons of observed annual sediment yields and Water Erosion Prediction Project (WEPP) modeling results for the
Bonghwa control watershed using observed climates (2010 - 2014) and two different soil files based on forest soil maps in Korea
and by United States Department of Agriculture Forest Service Rocky Mountain Research Station (USDA FS RMRS).
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Fig. 4. Comparisons of observed annual sediment yields and Water Erosion Prediction Project (WEPP) modeling results for the
Chilgok forest fire watershed using observed climates (2010 - 2014) and two different soil files based on forest soil maps in Korea
and by United States Department of Agriculture Forest Service Rocky Mountain Research Station (USDA FS RMRS).
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Fig. 5. Comparisons of observed annual sediment yields and Water Erosion Prediction Project (WEPP) modeling results for the
Chilgok control watershed using observed climates (2010 - 2014) and two different soil files based on forest soil maps in Korea and
by United States Department of Agriculture Forest Service Rocky Mountain Research Station (USDA FS RMRS).

Table 3. Comparisons of observed annual average sediment yields and Water Erosion Prediction Project (WEPP) modeling
results using observed climates (2010 - 2014) and two different soil files based on forest soil maps in Korea and by United States
Department of Agriculture Forest Service Rocky Mountain Research Station (USDA FS RMRS).

Annual average sediment yield (Mg-yr")

Watershed Observed/modeling Climate Soi Hillslope erosion Hillslope erosion Hillslope erosion
Gangneung Observed - - - - 63.3
Modeling Daegwall-yeong Soil map” 0.0 0.0 0.0
RMRS’ 0.6 866.2 671.1
Gangneung Soil map 0.0 0.0 0.0
RMRS 17.6 1,459.2 1,249.5
Bonghwa landslide Observed - - - - 3312
Modeling Bonghwa Soil map 25 2712 274.1
RMRS 34 2714 269.5
Taeback Soil map 78.5 5823 510.1
RMRS 583 400.7 451.5
Bonghwa control Observed - - - - 107.8
Modeling Bonghwa Soil map 0.0 1833 183.8
RMRS 0.0 126.1 1259
Taeback Soil map 18.8 3084 3283
RMRS 114 269.6 2757
Chilgok forest fire Observed - - - - 115.0
Modeling Gumi Soil map 49.7 158.1 208.1
RMRS 393 1452 184.8
Daegu Soil map 1119 2324 345.0
RMRS 88.5 2115 300.8
Chilgok control Observed - - - - 15.0
Modeling Gumi Soil map 0.0 0.0 0.0
RMRS 34 535 57.0
Daegu Soil map 0.0 0.0 0.0
RMRS 37 80.3 84.1

¥ Modified soil file using forest soil maps in Korea.
“USDAFS RMRS (1999).
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£ ol A= ml= A fatdol A vhEojtl Bt feluet B AR LS o8ste] Rejt Bf = 7}
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0136}01 GeoWEPPE 483 25 A4 0 2 & wf iz o] YAlo] AlfolA dofitsg & 4 St 531 4
T2 I AR vl AT AT ERET] ofof Tt 7} 5] o] Fojx{of dhral A3zt
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GeoWEPPS 0|28t BA|EAIREY HAZ
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YA EARRE LS LR ITKFig. 6; Table 4 and Table 5). =7} B3t |2 7|4 Ak& ot 9-2jue} thkey, 2
s}, 7no] d et 71ARE o] sto] BE S & At AR VAR S ol 8% At AT B Al
Aol 717ke 3hE UERUTHFig. 6). whebA] S1=7t vlseet wl= 7)) Rkg et e ejuet € B 7)1eRtE S
0]-85H= Zlo] B4 A&t GeoWEPP Z1HE TES 4 Qlrhal Helth

9] W2 o]-&sto] AFA Rl thAl o] A PAEALFEFS THoHH 45 92 08, S8 A= 1423
£, BHHR)E 102,08, AF(AH)2 2047, A(HR)= 05 2= YERTH 5HA] 9 oF2] GeoWEPPO| T gt 3
7Hel 7 Heto] ZUbA] gito B g o] ghe APl Al w0l ARgShe A2 27t lokal EETh

Table 4. Geo-spatial interface for Water Erosion Prediction Project (GeoWEPP) results based on US climate files modified by
monthly average climate data near modeling watershed locations in Korea.

Annual average sediment yield (Mg-yr")

Watershed Climate Soi Hillslope erosion ~ Streamside erosion ~ Watershed sediment
Gangneung Daegwall-yeong Soil map” 0.0 0.0 0.0
RMRS’ 83.6 208.5 1983
Gangneung Soil map 0.0 0.0 0.0
RMRS 1452 1464 236.0
Bonghwa landslide Bonghwa Soil map 107.6 63.6 142.3
RMRS 1044 54.5 123.8
Taebaek Soil map 80.2 634 1345
RMRS 74.7 47.0 92.9
Bonghwa control Bonghwa Soil map 63.1 58.1 102.0
RMRS 32.8 58.6 66.3
Taebaek Soil map 453 91.2 94.1
RMRS 194 38.6 403
Chilgok forest fire Gumi Soil map 300.2 54.0 294.7
RMRS 297.6 62.9 2859
Daegu Soil map 180.9 56.0 167.5
RMRS 179.6 4.7 176.9
Chilgok control Gumi Soil map 0.0 0.0 0.0
RMRS 69 7.1 14.0
Daegu Soil map 0.0 0.0 0.0
RMRS 39 55 94

¥ Modified soil file using forest soil maps in Korea.
“USDAFS RMRS (1999).
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Table 5. Geo-spatial interface for Water Erosion Prediction Project (GeoWEPP) results based on the Wonju climate file modified by
monthly average climate data near modeling watershed locations in Korea.

Annual average sediment yield (Mg-yr")

Watershed Climate Soil
o Hillslope erosion ~ Streamside erosion ~ Watershed sediment
Gangneung Daegwall-yeong Soil map’ 0.0 0.0 0.0
RMRS’ 1,023.7 165.2 1,0139
Gangneung Soil map 0.0 0.0 0.0
RMRS 810.8 2335 953.9
Bonghwa landslide Bonghwa Soil map 46.1 333 65.7
RMRS 412 384 71.8
Taeback Soil map 629.2 75.5 5102
RMRS 611.0 425.8 1,000.9
Bonghwa control Bonghwa Soil map 189 473 33.8
RMRS 6.3 20.8 149
Tacbaek Soil map 4457 99.5 4923
RMRS 2524 159.1 402.5
Chilgok forest fire Gumi Soil map 294.1 24.0 268.1
RMRS 292.5 249 2619
Daegu Soil map 293.8 39.7 2614
RMRS 293.1 40.8 260.6
Chilgok control Gumi Soil map 0.0 0.0 0.0
RMRS 20 4.6 6.0
Daegu Soil map 0.0 0.0 0.0
RMRS 19 3.6 53
¥ Modified soil file using forest soil maps in Korea.
“USDAFS RMRS (1999).
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Fig. 6. Comparisons of observed annual sediment yields and Water Erosion Prediction Project (WEPP) modeling results using
observed climates (2010 - 2014), US climates and the Woniju climate file made by United States Department of Agriculture Forest
Service Rocky Mountain Research Station (USDA FS RMRS).
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Conclusion
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SIS IAL|o| WA|EAIGE2F ZXulol 8l GeoWEPP R 20| Bix{tlsk

A GeoWEPPE AHESH7| QloliAl= 71 Z5FE ol = GIS Z=138-E o]-8-5tojopit 5h= gHA|7} ot &=
& AF8A} R Yol W 2 TS FHEA A stol ALgstoloFsks BHlo] ek plFolAE olgt 2
2 HE Hebsr] laliA] 2akl/dollA A WEPPS AHEE 4= QA= Q1E]H| o] A(http:/milford.nserl.purdue.edu/
ol/wepp/)S& TH=0]A] -&5fal ‘ZlE}(F lanagan et al., 2004; Frankenberger et al., 2011). 2| Uzte 22}lof| A ARg35t
4= AE i B EARGE JIETo|AE ZidstH 1 7Fs/d 1 -8R 91 7F A0AL sHAlTE. SRk QIE Ulof|Tk 344
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