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Runoff Pattern in Upland Soils with Various Soil Texture
and Slope at Torrential Rainfall Events

Kang-Ho Jung,* Seung-Oh Hur, Sang-Geon Ha, Chan-Won Park, and Hyun-Haeng Lee

National Institute of Agricultural Science and Technology Suin-ro 150, Seodun-dong Kweonseon-gu, Suwon-si 441-707, Kerea

When overland flow water is small and slow, it moves down a stream slowly and we use it as available
resource. However, it could not only be good for nothing but arouse an inundation if a lot of runoff pour
down to stream at a torrential rain. So it is important to know how much water to flow out and be stored in
soil and on land in order to predict a flood and conserve soil and water quality. We intended to develop the
prediction model of runoff in upland at a torrential rain and conducted lysimeter study in soybean
cultivation and bare soil with 3 slopeness, 3 slope length and 5 soil texture from 1985 to 1991. The data of
rainfall and runoff were used when daily rainfall was over 80 mm, the level of torrential rain warning.
Minimum rainfall occurring runoff (MROR) was dependent on surface coverage and slope length.
However soil texture and slopeness had a little influence on MROR. Runoff after MROR increased in
proportion to precipitation which depended on surface coverage, soil texture and slope. Runoff ratio was
larger in fine texture and bare soil than coarse soil and soybean coverage. Runoff ratio was in proportion to
a square root of slope angle(radian) and reduced with slope length to converge a certain value. From these
basis, we developed the prediction model following as

Runoff(mm) = a(s"’ + I’)(Rainfall(mm) - 80(1-¢™))

where a is a coefficient relevant soil hydraulic properties, b is a surface coverage coefficient, s is a slope
angle and 1 is a slope length. The coefficient a was 0.5 in sandy loam and 0.6 in clay, and b was 0.06 in bare

soil and 0.5 in soybean cultivation.
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Table 1. Soil characteristics in soil texture study plot and slope study plot.

Divisi " ; R Particle size distribution
1V1SIONn
P oM CEC Sand Silt Clay
1:1 gkg' cmol kg'! %o

Sandy loam 57 14.1 75 53.0 326 144
Soil Texture Loam 5.8 95 8.0 49.1 31.9 19.0
plot Clay loam 50 102 8.1 29.1 433 276
Clay 5.1 20.0 122 164 43.0 40.6
Slope plot Silt loam 5.9 212 79 294 58.7 119

! Organic matter
¥ Cation Exchange Capacity
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Fig. 1. Runoff pattern with surface coverage and soil texture.
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Table 2. Runoff rate(a) and minimum rainfall occurring runoff(b) with soil texture at 15% slope and 5 m slope length under

torrential rains.

No cover Soybean

Soil texture

a b a b

% mm % mm
Sandy loam 67 383 35 58.2
Loam 73 38.6 314 35.6
Clay loam 74 314 46 61.1
Clay 79 35.6 50 63.1

Assumed that Runoff = a(Rainfall - b) when Rainfall > 80 mm.
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Table 3. Runoff ratio to Rainfall with slope in silty loam soil.
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Slope length
Coverage Slopeness
S5m 10m 15m
10% 0.629 0.524 0479
None 20% 0.681 0.589 0.540
30% 0.730 0.626 0.581
10% 0.189 0.144 0.126
Soybean 20% 0.216 0.156 0.139
30% 0.240 0.176 0.158
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Fig. 2. Runoff ratio to rainfall with slope in silty loam soil.
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Table 4. Estimated minimum rainfall occurring runoff using coefficient a2 and b in equation 6.

Slope length
Coverage Slopeness
S5m 10m 15m
10% 16.6 353 4.7
None 20% 174 31.1 414
30% 16.0 30.7 39.8
10% 77.8 81.5 84.8
Soybean 20% 77.8 77.5 70.4
30% 782 874 89.6
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Fig. 3. Relationship with measured and predicted runoff water
at torrential rains.
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