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Rainfall redistribution effect of photovoltaic panels on highway
slopes and its impact on hydraulic erosion of slope surfaces

Su Xinyu', Zhao Tingning', Du Yuan®, Su Rong”, Chen Xueping®,
Ma Wenzhang', Li Zemin', Wei Xiaodong', Liu Yiqin'
(1.School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2.Gansu New Development
Investment Group Co., Ltd., Lanzhou 730030, China; 3.China Academy of Transportation Sciences, Beijing 100029, China)

Abstract: [Objective] This study aims to explore the difference law of road slope water erosion intensity under
different photovoltaic panel layout schemes, so as to support the site selection, arrangement and hydro-ecological
assessment of photovoltaics along expressways. [ Methods] Indoor artificial rainfall simulation experiments were
conducted at four rainfall intensities (20, 40, 60 and 80 mm/h) to compare runoff and sediment transport
processes on a simulated slope with a slope ratio of 1: 1.5 under three modes: a single PV panel, two PV panels
arranged downslope in series, and no PV panel. [ Results] PV panels significantly altered the erosion process
through an “interception-redistribution” mechanism. Their impervious surfaces intercepted rainfall and
concentrated high-energy flow at the lower edges, inducing lateral erosion gullies aligned with the panel edges.

This transformed the erosion morphology from uniform splash erosion and longitudinal rill erosion on natural

I f8 BH#3:2025-11-03 f&E HHA:2025-12-25 S HH1:2026-01-09

FENIE « H ol 4 22l s ST R H ©H N 2850 58T RE IR A K R O R 5 AR LRI AT 2T CH 22 R4 16 (2022)32 45

E—1EE ORI (1998—) , %, DU AR, - AP T AR , 22 e R 5 K R AR FFITST . E-mail:zzs_5270@126.com

BEMEE BET1962—), 5 AdL MR A, #0%, ETNGK 2R/ TRGAMIKE £ ET5 . E-mail: zhtning@bjfu.edu.cn
https://stbeyj.publish.founderss.cn



58 P/ S VI S

33 %

slopes to a composite mode of “lateral gully + longitudinal extension”. The sediment reduction effect of the single

panel layout exhibited rainfall intensity dependence: at 20—40 mm/h, total sediment flux was reduced by 10.0%—

16.7% compared with the no-panel control, while at 60—80 mm/h, the reduction diminished to <3.8%,

although total runoff increased relative to the control across all intensities. For the two panel layout, total sediment

flux remained comparable to the control (differing by <<3.4%) at <<60 mm/h; however, at 80 mm/h, the inter-

panel gap induced “secondary flow convergence”, leading to significant increases in both runoff and sediment flux,

with total sediment flux rising by 44.7% and erosion risk markedly exacerbated. [ Conelusion] The impact of

different PV panel layout modes on slope hydraulic erosion intensity is rainfall-intensity dependent. The single-panel

layout reduces erosion under moderate to low rainfall intensities, whereas the two-panel layout increases erosion

under high rainfall intensity. PV panels fundamentally alter the source of erosion energy and erosion morphology.

Keywords: photovoltaic panels; highway embankment slopes; rainfall redistribution; slope erosion; lateral

erosion gullies
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Fig.1 Schematic diagram of artificial rainfall

simulation experiment setup
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Fig.2 Schematic diagram of two photovoltaic
panel layout modes and control group
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layout modes and rainfall intensities
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different layout modes and rainfall intensities
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