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Effects of Vegetation Combinations on Hydrodynamic
Characteristics of Overland Flow

Zhu Yan, Wang Ping, Ma Lan, Hu Jie
(School of Soil and Water Conservation s Beijing Forestry University s Beijing 100083, China)

Abstract: [ Objective] Indoor flume experiments were conducted to clarify the response trend of overland flow
dynamics to various vegetation combinations, to explore the composition of resistance covered by different
vegetation combinations, and to explore the regulation mechanism of vegetation combination on overland
flow, so as to provide reference basis for rational layout of slope water storage and soil conservation projects.
[ Methods] The research analyzed the response law, flow resistance variation, and resistance composition of
overland flow hydrodynamic parameters under the conditions of different vegetation combinations (single
shrub, single grass cover, single row alternation of shrub and grass, alternation of shrub and grass, and bare
slope), 3 different slope gradients (1°, 5°, 9°) and 5 kinds of discharge (20, 30, 40, 60, 80 L/min).
[Results] Vegetation had significant effects on water depth, average velocity, flow pattern, and resistance
coefficient (p<C0.05). Compared to bare slope, water depth was 1.07~4.17 times higher with vegetation,
and the velocity decreased 2.35% ~ 64.7%. Besides, most experimental flow fell in the transition states.

Turbulence intensity of different vegetation combinations followed the order: shrub-grass combination >
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single vegetation™>bare slope. Furthermore, the resistance coefficient under vegetation cover was 1.25~25.45

times larger than bare slope, and the effect of water blocking and velocity slowing followed the order: single

shrub>> shrub-grass combination > single grass cover > bare slope. Resistance was affected by vegetation

combination and stem characteristics (p < 0.05). The flow resistance was mainly composed of particle

resistance and vegetation resistance under single vegetation cover. However, the interference of rough

elements produced additional resistance under shrub-grass combination cover, which weakened the flow

resistance with an increase of slope gradient, but strengthened the flow resistance with an increase in

discharge under the same slope condition. [ Conclusion] The effect of single shrub group is the best, and the

effect of interleaved shrub group is similar.

Keywords:overland flow; vegetation combination; resistance coefficient; resistance composition
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Fig. 2 Vegetation combination layout diagram
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Table 1 Correlation between Velocity and discharge and slope
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Table 2 Regression Analysis and coefficient of

Velocity and discharge in differen tslopes
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Fig. 5  Flow pattern zoning diagram under
different vegetation combinations
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Table 3 Measured value of m under different
experimental conditions
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Fig. 7 Resistance change diagram under different vegetation combinations
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Table 4 Ratio of resistance to total resistance under single-row staggered vegetation cover

(L min-ty SRR BRIBE IS/ 0 R E I/ % WEORBEIMELIE/ 0 MR E A/ %6
20 0.2262 0.1320 58.35 0.0240 10.60 0.0514 22.70 0.0189 8.35
30 0.2399 0.0969 40.40 0.0249 10.38 0.0822 34.28 0.0358 14.94
1 40 0.2516 0.0898 35.69 0.0217 8.61 0.0819 32.57 0.0582 23.13
60 0.2949 0.0840 28.49 0.0208 7.05 0.0806 27.33 0.1095 37.12
80 0.3467 0.0772 22.26 0.0311 8.96 0.0822 23.72 0.1562 45.06
20 0.2677 0.2306 86.13 0.0425 15.89 0.0544 20.31 —0.0598 —22.34
30 0.2720 0.1810 66.55 0.0690 25.38 0.0792 29.14 —0.0573 —21.07
5 40 0.2890 0.1677 58.03 0.0627 21.69 0.0903 31.26 —0.0317 —10.98
60 0.2933 0.1359 46.36 0.0699 23.83 0.1047 35.72 —0.0173  —5.90
80 0.3394 0.1272 37.49 0.0768 22.63 0.0990 29.16 0.0364 10.71
20 0.3361 0.2594 77.18 0.0483 14.37 0.1071 31.87 —0.0787 —23.42
30 0.3341 0.2382 71.30 0.0422 12.63 0.1007 30.13 —0.0470 —14.06
9 40 0.2966 0.2025 68.26 0.0625 21.07 0.0653 22.02 —0.0337 —11.35
60 0.2954 0.1851 62.65 0.0531 17.98 0.0670 22.68 —0.0098 —3.31
80 0.2897 0.1728 59.65 0.0352 12.14 0.0706 24.37 0.0111 3.84

K5 EERRZHEREETERASZBEAMEE

Table 5 Ratio of resistance to total resistance under shrub-grass staggered vegetation cover

W/ it/

(L minty S BURIBE LR/ 0 R IEE/ % BERBEELIE/ % MBI E R/ %
20 0.2064 0.1320 63.95 0.0289 14.00 0.0257 12.44 0.0198 9.61
30 0.2136 0.0969 45.36 0.0437 20.45 0.0411 19.25 0.0319 14.94
1 40 0.2265 0.0898 39.65 0.0591 26.08 0.0410 18.09 0.0366 16.18
60 0.2644 0.0840 31.79 0.0684 25.87 0.0403 15.25 0.0716 27.09
80 0.3097 0.0772 24.93 0.0852 27.51 0.0411 13.28 0.1062 34.28
20 0.2975 0.2306 77.51 0.0621 20.87 0.0272 9.14 —0.0224 —7.52
30 0.2557 0.1810 70.77 0.0384 15.02 0.0422 16.49 —0.0058 —2.29
5 40 0.2844 0.1677 58.97 0.0503 17.70 0.0452 15.89 0.0212 7.45
60 0.2905 0.1359 46.80 0.0768 26.44 0.0524 18.03 0.0254 8.73
80 0.3113 0.1272 40.88 0.0843 27.09 0.0495 15.90 0.0502 16.14
20 0.3558 0.2594 72.92 0.0689 19.35 0.0536 15.06 —0.0261 —7.32
30 0.3182 0.2382 74.87 0.0614 19.31 0.0384 12.08 —0.0205  —6.45
9 40 0.2942 0.2025 68.82 0.0567 19.26 0.0327 11.10 0.0024 0.81
60 0.2822 0.1851 65.59 0.0600 21.28 0.0335 11.87 0.0035 1.25
80 0.2939 0.1728 58.78 0.0627 21.32 0.0323 11.01 0.0261 8.90

BHL 7 28 205 e S 35 O Wk 36 O & (p <<0.05)
RIVRH 77 2 B A L 55 0 o S B A S M AN i e
FAEBE 0 A7 AE (AR 7K I BK BRI 4 K Ry 8
ZOMRS L K ZE 5 B ) &R B AL U
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