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Numerical Simulation of Runoff Generation and Sediment Transport Processes Under Different Lands Use Patterns
ZHAO Chun-hong' GAO Jian-en'**" SHAO Hui' WANG Hongie® XU Xiu-quan’
(1. College of Resources and Environment Northwest A&F Univ. Yangling 712100 China;
2. Inst. of Soil and Water Conservation CAS & MWR Yangling 712100 China;
3. College of Water Conservancy and Architectural Eng. Northwest A&F Univ. Yangling 712100 China)

Abstract: In order to evaluate the effect of land use change on soil erosion process a mathematical model was developed for simulating
runoff generation and sediment transport processes on different slope lands. This model was comprised of two modules: the kinematic-wave
equation for overland flow and a sediment transport formula. The measured runoff generation and sediment transport data of bare land
grassland cropland scrubs land and young forest land were used for model validation and the simulating values were in good agreement
with the measurements. Then the characteristics of runoff generation and sediment transport under different land use scenarios were predic—
ted using the model and the results showed that soil erosion could be greatly controlled on 5-year-old forestland or grassland with coverage
more than 60% under the normal rainfall in the loess plateau and light erosion occurres in the middle and lower part of the bare land with
the gradient less than 15°. Only the 10-year-old forestland could provide a good erosion control effect while the effects of grassland and
bare land are limited under the once in ten-year rainfall. Both grassland and forestland should be cooperated in combating erosion by tak—
ing the advantages of the faster effect of grassland for low intensity and short duration rainfall and the more obvious effect of forestland for
high intensity and long duration rains. The slope length should be strictly controlled for bare land with different gradients.
Key words: land use pattern; kinetic wave; sediment transport formula; runoff generation and sediment transport processes; model appli—
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Tab.1 Basic information of runoff generation and sediment transport measured data of four land use patterns under
different experimental conditions
/ / / /
m? ) (m*h~") (mmeh-')  min
20 x1.67 10/20 1.0/1.5 — 30
20 x1.67 20 3.0/3.5 — 30 2a 10 ¢m 65%
3x1 3/15 — 80 60 25 ¢cm x60 cm
5x1 20 — 90/130 60 L 70%
2.1.2 A ARMHE®FER T 20°.
2010 3 2
1
37.3% +59.9% 500
2.8% 0.038 mm. mL 105 C
( 20 m x5 8 h o
m) N N DIVINER2000 0~
4 2 a 12 100 cm.
cm 50% : 15 min
50 cm; 2a 10. 65 mmo.
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Fig.1 Simulated runoff discharges vs measured values under four land use patterns
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Fig.2 Simulated sediment transport rates vs measured values under four land use patterns
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Fig.3 Simulated runoff discharge vs measured values under different land use patterns over time
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Fig.4 Simulated sediment transport rates vs measured values under different land use patterns over time
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Fig.5 Calculated sediment transport rates along the slope length vs measured values under different land use patterns
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Tab.2 Different land use scenarios and parameter values

( 20°) 20°)

/(°) n 7 1% n 7 /a n 7

(mm * min~") (mm * min~") (mm * min~")
5 0.054 0.35 20 0.062 0.42 2 0.057 0.43
10 0.054 0.33 40 0.067 0.54 3 0.064 0.51
15 0.054 0.30 60 0.072 0.63 5 0.079 0.62
20 0.054 0.28 80 0.078 0.74 8 0. 105 1.00
25 0.054 0.25 100 0.082 0.83 10 0.114 1.13

Tab.3 Runoff generation and sediment transport characteristics under different land use scenarios and

rainfall conditions in the Loess Plateau

1(°)

(7 =0.65 mm/min; ¢ = 10 min)

(/=1.2 mm/min;¢ = 30 min)

5 10 15 20 25 5 10 15 20 25

0.30  0.32  0.35 0.37  0.40 2.55 2.6 2.70  2.76  2.85

0.20 1.89  6.48 14.90 33.13 6.56  34.91 105.39 217.29 421.91

6.97 2.77 1.74 1.30  0.89 2,37 1.02  0.74  0.56 0.44

/m >50  >50 38.45 13.95  5.48 35,5  5.45  2.05 1.37  0.67

20° 1%

(1 =0.65 mm/min;¢ = 10 min) (I'=1.2 mm/min;¢ = 30 min)

20 40 60 80 100 20 40 60 80 100

0.23 0.1  0.06 0 0 234 1.98  1.71  1.38  1.11

3.83  0.55 0 0 0 118.64 65.47 43.43 21.67 10.65

2.40  6.26 40.13  >50  >50 0.81 1.22  1.36 2.19 3.16

/m >50  >50  >50  >50  >50 2,13 3.32  4.96 10.00 18.90

20° /a
(1 =0.65 mm/min; ¢ = 10 min) (I=1.2 mm/min;¢ = 30 min)
2 3 5 8 10 2 3 5 8 10

0.24 0.14  0.09 0 0 2.26  1.98 1.65 0.60  0.21

5.64  1.21 0 0 0 130.86 69.87 25.69 1.11  0.00

1.81 445 3407 50  >50 0.71 0.96 2.33  9.89  34.45

/m 3370 >50  >50  >50  >50 2,12 3.05 7.95  >50  >50
25° 5° 114. 98
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