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Soil Erosion Reduction Plan for Watershed with Sloping Fields
of Highland Agriculture by Using GEOWEPP Model
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ABSTRACT

This study was performed to suggest a soil loss reduction skill through estimating soil erosion from a small watershed including
each type of sloping agriland by using GEOWEPP model. Experimental watershed at Gangwon province was selected for very
typical sloping fields of highland agriculture in Alpine area. Runoff discharge and sediment load, hourly rainfall amount occurred
during storm event were gauged, and weather data were obtained from Daegwallyeong meteorological station. The results of GEOWEPP
model estimation showed that relative error values for total runoff discharge and sediment load were 3 %, -14.5 % respectively.
Based on the result, soil erosion and waterway path map for each hillslope were made to select target hillslope. Several hillslopes
of severe soil erosion were analyezed and then the optimal vegetative filter strip construction width and waterway path to plant grass

were decided by using GEOWEPP Model.
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Fig. 1 Watershed analysis of GEOWEPP model

136

(watershed model)}& ZAMHI} F-2, AFA|
o, st Es 11 olAke] HAPH O R RE

EAGES A998 B 2HT & Uk 4

3 Yol AY BE st G2t
FRHoE AgAr BYL §2 we §4 ol ¢
2epls), SFORYE FAS A $UE A
A%, S, e W A A g ARl g

4 A} (ARS, 2004).

o
¢

Fig. 2 Experimental watershed and Cabbage fields map

Table 1 Areas and slopes for each plot of sloping land in
experimental watershed,

) Slope (%)

No. Area (m’) -
Min. Max. Avg.
1 6,000 2.0 27.0 14.9
2 23,199 0.0 40.5 194
3 5,898 9.0 24.7 14.1
4 5211 5.7 14.0 9.4
5 1,369 5.7 12.6 94
6 2,315 0.0 13.9 04
7 7,873 0.0 15.9 3.2
8 1,452 5.7 14.0 9.4
10 4,597 4.5 20.9 14.0
1 1,178 0.0 28.8 13.7
12 9,372 0.0 34.5 19.0
13 395 12.6 16.8 16.0
14 847 0.0 15.9 0.9
15 5,542 0.0 25.7 10.1
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Fig. 4 Water stage—discharge rating curve
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Fig, 5 Discharge—suspended sediment load curve
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Table 2 Observed sediment yield for 2007, 2008 at Jaun-ri, Hongcheon—gun (Hyun et al,, 2008)

YVear Date Rainfall Coarse se((itig;e)nt outflow Suspend(«ignjediment Total(ts;ii)iment
7.19 40.5 0.08 0.02 0.10
81~2 65.0 143 0.52 1.95
84~5 93.0 1.82 0.63 2.45
8.8 67.0 1.46 0.59 2.05
8.9 137.0 7.96 3.73 11.68
2007 8.10 38.0 0.96 0.25 1.21
8.19 34.5 0.36 0.12 048
8.27 52.0 0.83 0.33 1.16
9.6 27.0 0.13 0.04 0.17
9.14~15 92.0 3.20 0.80 4.00
9.18 52.0 1.27 0.44 1.71
Sum of rainfall Events from October to December 2.57 1.56 4.13
Total 22.07 9.02 31.09
6.18 41.5 0.47 0.03 0.50
7.13 23.0 0.42 0.04 0.45
7.15~16 29.0 0.65 0.09 0.74
7.19~20 75.0 1.66 0.34 2.01
o008 7.24 215.0 7.67 3.39 11.06
8.02 24.0 0.23 0.01 0.24
8.03 27.0 0.78 0.13 0.91
8.12 31.0 0.23 0.10 0.33
8.18 39.5 0.78 0.12 0.90
8.22 77.0 1.61 0.34 1.96
Sum of rainfall event from September to December 1.30 0.78 2.08
Total 15.81 5.37 21.80

r=0.987

Total sediment (ton)

09..‘1.‘.1‘..1..1‘.1

0.0 0.7 14 21 27 34 41
Suspended sediment {ton)

Fig, 6 Correlation analysis of suspended and total sediment
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Fig. 10 Hillslope division (a), soil erosion on—site (b) and soil erosion off-site map (c)

Table 3 Soil erosion parameters for GEOWEPP model

Table 4 10 Year-return period monthly maximun rainfall for

Parameters Value estimating potential maximun soil erosion

Interill erodibility (kg - s/m™) Model calculation Storm event 10 year—ret'um per.iod Storm event 40 year—ret'um per.iod

Rill erodibility (s/m) 0.0001 (date) monthly maximun rainfal] (date) monthly maximun rainfall
Effective hydraulic conductivity (mm/h) 6 () ()
Critical hydraulic shear stress (Pa) 4 1989. 01. 08 538 1992. 01. 31 87.0
2005. 02. 16 487 1989. 02. 25 68.3
A B8 W B A4S Sld) GEOWEPPER] o] 2005. 03. 04 429 1989. 03. 03 80.4
° = R moHT o= © 2003. 04. 25 67.5 1977.04. 15 76.9
5] Fig. 10 (@2 2ol the] AA|et sheg BAsto] 2t 2003.05. 07 910 1999, 05. 24 1315
2k ZApe] dieh BfAEE SA31aL ol HiFeR A 1985. 06. 13 1215 2004 06. 20 1720
B 2 BHo] dolu= AF SR FHER= on-site map 1987. 07. 15 1580 2008, 07. 24 2125
3 AApHS] WAl BEoFrAlegEo 2 UER} = off-site map 1984. 08. 21 242.4 2002. 08. 31 7125
o8 Haste] Bk 1 g Fig. 10 (b), (09 2tk 2003, 09. 12 216.0 1990. 09. 11 330.8
GEOWEPP 239 A8L 9ate] A|P8od HEF] i 1994. 10. 12 139.3 1985. 10. 05 197.0
S XL Q= YAE| et WHssE A== 2 A3 2006. 11. 27 55.5 1975. 11. 14 1315
SE2 BRI Table 33 2o A4 1991. 12. 08 436 1972. 12. 23 69.3

b 10EelE F|Ci7bs EQUEIAl Bt
AFrd7I7kel 200849l
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Table 5 Observed Runoff discharge, Sediment load at a final
watershed outlet

S ¢ | Rainfall Runoff Sediment load
torm event | Rainfa
period (o) |Observed|Simulation| RE - |Observed|Simulation) RE
(mm) | (mm) | (%) | (ton/ha) | (ton/ha) | (%)

-14.5

‘087/24~25| 227 145 147 | +35| 117 100

Table 6 Hourly rainfall, runoff, sediment load for a single storm event between 7/24 and 7/25

Time Rainfall Runoff dicsharge | Sediment load Time Rainfall Runoff dicsharge | Sediment load
(year/mon/day hour: min) (mm) (m’/h) (ton/h) (year/mon/day hour : min) (mm) (m*/h) (ton/h)
2008/7/24 04:00 0.5 43.31 0.000 2008/7/25 01:00 0.5 1,687.18 0.580
05:00 3.0 46.32 0.000 02:00 0.0 1,570.75 0.426
06:00 10.5 182.76 0.000 03:00 4.5 1,595.36 0.452
07:00 8.5 337.25 0.000 04:00 8.5 1,661.89 0.540
08:00 115 611.74 0.000 50:00 5.0 1,695.65 0.594
09:00 14.0 1,068.80 0.230 06:00 1.0 1,506.00 0.368
10:00 7.5 731.61 0.221 07:00 0.5 1,419.09 0.313
11:00 13 1,372.73 0.292 08:00 3.5 1,434.71 0.321
12:00 9.5 819.18 0.221 09:00 6.5 1,466.19 0.340
13:00 8.0 905.15 0.223 10:00 5.5 1,653.51 0.527
14:00 16.0 2,173.25 2.826 11:00 3.5 1,506.00 0.368
15:00 6.0 1,781.44 0.771 12:00 0.5 1,426.89 0.317
16:00 3.5 1,506.00 0.368 13:00 - 1,372.73 0.292
17:00 1.0 1,522.06 0.381 14:00 - 1,334.65 0.224
18:00 4.5 1,474.11 0.345 15:00 - 1,282.20 0.224
19:00 12.0 1,426.89 0.317 16:00 - 1,267.40 0.224
20:00 16.5 2,308.79 4.403 17:00 - 1,245.35 0.224
21:00 21.0 3,437.16 94.165 18:00 - 1,216.24 0.224
22:00 6.0 2,041.61 1.819 2008/7/24 185 2,71922.47 110.786
23:00 5.5 1,959.06 1.378 2008/7/25 39.5 2,6341.79 6.558
24:00 7.0 2,173.25 2.826 Total 224.5 5,5430.32 117.344
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Fig. 12 Tolerable soil erosion off—site (a) and on-site map (b) for 10 year-return period monthly maximun rainfall
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Table 7 Reduced sediment load after installing grassed
waterway in the sloping agriland

Channel No. Sediment load (t/yr) Sediment load (t/yr)
Before grassed waterway | After grassed waterway

1 (class 1) 101.7 43.7
2 (class 1) 37.7 177
3 (class 1) 435 20.1
4 (class 1) 170.1 73.7
5 (class 1) 73.1 36.9
6 (class 1) 27.5 20.2
7 (class 1) 116.0 83.5
8 (class 2) 1117 73.2
9 (class 2) 2731 148.7
10 (class 2) 525.5 263.0
11 (class 3) 664.6 324.7
12 (class 3) 182.6 79.1
13 (class 3) 850.9 405.4
W ater?t}flj/ire)dlment 997 108
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Fig. 14 Example of designed vegetative filter strip con-—
struction in hillslope with severe soil erosion
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Table 8 Optimal width and Effective hydraulic conductivity of vegetative filter strip

. Area VES width Effective h3'/d'raullc Sediment load Sediment load Reduction load Reduction rate
Hillslope No. (ha) ) conductivity (t/ha/yr) (t/ha/yr) (tvr) RE. (%)
(mm/hr) Before VFS After VFS ’ R
e8 1.3 10 50 9.7 5.2 5.9 46.4
12 4.6 10 60 9.6 8.0 74 16.7
13 1.8 5 50 10.7 2.3 15.1 78.5
15 1.2 10 50 9.7 4.5 6.2 53.6
Sum 34.6 (48.8 avg.)
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