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Splash Erosion under Artificial Rainfall in Rocky Mountain
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Cheng Jinhua' Qin Yue' Zhang Hongjiang' Cong Yue' Yang Fan' Yan Yongqing’
(1. Key Laboratory of Soil and Water Conservation and Desertification Combating, Ministry of Education, Beijing Forestry University,

Beijing 100083, China 2. Soil and Water Conservation Station of Beijing Yanqging County, Beijing 102100, China)

Abstract; Raindrop-impact-induced erosion as the beginning of soil erosion had significant impact on the
whole erosion process. In order to systematically understand the effect of rainfall characteristics on splash
characteristics of Beijing, artificial rainfall experiment was conducted. Rainfall intensity, rainfall kinetic
energy and duration of raining time were chosen to analyze the splash regulation. The characteristics of
splash distance and fragment size distribution were also tested. The results of rainfall caused splash
erosion indicated that during the splash erosion process, the quantity of splashed soil particles in down
slope had a significantly larger amount than that of the up slope, while the quantity of up slope was the
smallest of all the four directions. The amount of total splashed particles and net splashed particles were
all positively related to rainfall intensity. Quantity of splashed soil particles was significantly positively
correlated to rainfall intensity and rainfall kinetic energy, respectively. The quantity of splashed soil
particles was exponentially increased with rainfall intensity. And a linear function could show the

relationship between quantity of splashed soil particles and rainfall kinetic energy. The rate of total
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splashed soil particles decreased exponentially with duration of raining time. The splashed fragments
distributed mainly in 0 ~ 10 cm of the study plot, which accounted 45.4% ~57.75% of the total splash
erosion, while that in 50 ~60 cm of the plot was less than 1. 75% . The quantity of splashed particles was
exponentially decreased with splash distance. The splashed fragment size distribution showed that
fragments smaller than 2 mm were transported by raindrop impacts. The mass percentage of splashed soil
particles with size of 0.02 ~0.05 mm and 0.05 ~ 0.2 mm was similar to that of the texted soil. The
content of fragments with size less than 0. 02 mm was higher than that of texted soil, while the content of
fragments with size of 0.2 ~2 mm was lower. The mass percentage of particles with size of 0.05 ~
0.2 mm was the most, while the mass percentage of particles with size less than 0. 002 mm and size of
0.05 ~0.2 mm were the least. Theoretically,the quantity of splashed soil particles with certain fragment
size distribution of soil reached the peak. The percentage of splashed soil particles with size less than
0. 05 mm increased with rainfall intensity, and then almost kept the same. The percentage of splashed soil
particles with size of 0. 05 ~0. 2 mm was negatively correlated with rainfall intensity. The percentage of
splashed soil particles with size of 0.2 ~2 mm increased with rainfall intensity. Splashed fragment size
distribution kept the same when rainfall intensity was large enough. The amount of five kinds of splashed
soil particles were all exponentially decreased with splash distance with high correlationship respectively,
which was the same as that of total amount of splashed soil particles. Mean size distribution decreased
with splash distance under the same rainfall intensity. Mean size distribution was significantly higher
under 121. 4 mm/h rainfall intensity than other three rainfall intensities. The changing rate of mean size

distribution was large in 0 ~30 c¢m from the study plot, and the changing rate decreased as the splash
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distance increased.

Key words: Splash erosion Rainfall characters
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Tab.1 Soil properties of study area %
5% HiKL & TR i ML AL AR RL i HLRD R A P &
= ( <0.002 mm) (0.002 ~0.02 mm)  (0.02 ~0.05 mm) (0.05 ~0.2 mm) (0.2 ~2 mm)
$o(l 9.8 22.9 31.8 23.3 12.2 1.61
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Fig.1 Layout of splash trays
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Tab.2 Rainfall parameters and quantity of

splashed particles

W SRR —— Wkt T
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(mm+h™") (mm-h~") e A bR TR

26. 4 27.5 1.03 1.00 1.03 1.10 4.16 0.07

/g H/g

34.9 43.1 1.21 1.20 1.11 1.31 4.83 0.20
43.7 47.6 1.43 1.51 1.32 1.65 5.91 0.33
51.2 53.4 1.45 1.47 1.40 1.57 5.89 0.17
64.8 68.8 1.50 1.49 1.43 1.71 6.13 0.28
77.0 82.5 1.63 1.70 1.63 2.11 7.07 0.48
83.1 93.2 1.80 1.87 1.77 2.19 7.63 0.42
91.4 95.6 2.09 2.01 1.81 2.24 8.15 0.43
100. 3 107.4 2.21 2.18 1.97 2.66 9.02 0.69
117.2 121.0 2.30 2.28 2.17 2.83 9.58 0.66
121.4 127.3  2.43 2.50 2.24 3.12 10.29 0.88

136.5 140.2  2.88 2.90 2.47 3.40 11.65 0.93
144.5 150.0 2.94 2.95 2.43 3.51 11.83 1.08
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Fig.4 Relationship between rainfall intensity and

quantity of splashed particles in four directions
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Tab.3 Equation of relationship between rainfall intensity

and quantity of splashed soil particles
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Fig.5 Relationship between rainfall kinetic energy and

quantity of splashed soil particles in four directions
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Tab.4 Equation of relationship between rainfall kinetic

energy and quantity of splashed soil particles
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Tab.5 Amount of total splash soil particles as a

function of duration of raining time g

WER R/ W 5 11 B/ min

(mm-h~') 6 100 15 20 25 30 40 50
3.4 1.63 2.77 4.28 6.11 6.22 6.47 7.03 7.07
67.2  2.21 4.35 7.03 8.20 9.17 9.81 10.14 10.26
95.3  3.03 6.80 8.72 9.48 10.81 10.75 11.32 11.57
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Tab.6 Equation of relationship between rainfall time

and ratio of total splashed soil particles
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Fig.6 Relationship between duration of raining time

and ratio of total splashed particles
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Tab.7 Quantity of total splashed soil particles in different splash distances g
Wi i 5 4/ Ui B S/ em T
(mm-h~") 0~5 5~10 10 ~15 15 ~20 20 ~25 25 ~30 30 ~40 40 ~50 50 ~60 iz
26. 4 1. 350 0.982 0. 699 0.303 0.288 0.115 0. 106 0.041 4.182
34.9 1. 306 1. 136 0. 804 0.476 0. 245 0.243 0. 145 0. 047 4.834
43.7 1. 506 1. 405 0. 948 0.673 0.325 0.291 0.203 0.058 5. 885
51.2 1. 446 1.231 0.917 0.819 0. 328 0.310 0.227 0. 060 5.892
64.8 1.570 1. 331 0. 887 0. 801 0. 360 0.288 0.219 0. 090 6. 126
77.0 2.124 1.731 0.968 0.779 0. 390 0.321 0.231 0. 082 7. 164
83.1 2.346 2. 061 0. 820 0.670 0. 692 0. 145 0.192 0.058 7.631
91.4 2.335 1. 946 0. 986 0.942 0. 444 0.319 0.228 0. 086 7.954
100. 3 2.482 2.286 1. 340 0. 987 0.472 0.337 0.288 0.128 8.970
117.2 2.450 2.307 1. 481 1.204 0.473 0.353 0.287 0.158 9.572
121. 4 2.559 2.431 1. 698 1. 565 0.574 0. 328 0.278 0.148 10. 403
136.5 2.769 2.822 1.935 1. 843 0. 564 0.317 0.293 0. 185 11. 698
144.5 2.810 2.931 1. 956 1.920 0. 670 0.228 0.200 0.207 11. 837
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Fig.7 Quantity distribution of splashed soil particles in differernt distances from study plot
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Tab.8 Size distribution of splashed soil particles under different splash distances
MeWEE, MR : ‘ R — —
(mmeh-") o piip bR A HEBYRL YRS biiRIE A
(0 ~0.002 mm) (0.002 ~0.02 mm) (0.02 ~0.05 mm) (0.05 ~0.2 mm) (0.2 ~2 mm)
10 12 13 22 54 2
20 13 21 23 43 0
34.9 30 9 25 20 44 0
40 8 18 24 48 0
60 5 19 23 53 0
10 14 21 28 34 2
20 21 22 19 37 3
77.0 30 13 16 32 36 1
40 12 17 34 38 0
60 13 22 27 41 0
10 14 22 25 32 6
20 19 19 23 34 4
100. 3 30 14 17 36 30 2
40 17 15 33 35 2
60 11 10 30 47 1
10 14 17 27 33 12
20 13 25 24 30 8
121. 4 30 11 18 31 36 7
40 12 14 37 35 4
60 10 12 32 44 5
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Fig. 8 Size composition of splashed fragments as

a function of distance from source circle centre
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