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Study on Impact of Spatially Non-Uniform Rainfall and
Pipeline Siltation on Urban Waterlogging

ZHANG Jinping'?, WANG Ruyu', ZHANG Lixin’, LI Xuechun', LI Zhiwei'

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China;
2. Yellow River Ecological Protection and Regional Coordinated Development Research Institute, Zhengzhou 450001, China;
3. North Minzu University, Yinchuan 750030, China)

Abstract; [ Objective] This study aims to reveal the mechanism by which the coupling effect of spatially non-uniform rainfall
and pipeline siltation influences urban waterlogging, thereby providing a scientific basis for optimized design of urban drainage
systems and precise prevention and control of waterlogging risk. [ Methods] Taking a sub-catchment in the central urban area
of Zhengzhou as the research object, a spatially non-uniform rainfall model reflecting actual rainfall characteristics was con-
structed. InfoWorks ICM was used to simulate urban waterlogging responses under different rainstorm center locations, non-
uniformity coefficients, and levels of pipeline siltation. [ Results] (1) The degree of waterlogging differed among rainstorm
centers, with the severity ranked as D ( Hongzhuan Road-Weisheng Road) >A ( Jinshui Road-Weilai Road) >B ( Wenhua
Road-Dongfeng Road) >C ( Wenhua North Road-Lianhuo Expressway). This difference was mainly influenced by the drainage
capacity of the pipe network, underlying surface types, and topographic conditions around each rainstorm center. (2) As the
rainfall non-uniformity coefficient increased, rainfall intensity became more concentrated at the rainstorm center, significantly

increasing inundation depth and area, and the spatial distribution of waterlogging showed a tendency to cluster toward the center.
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(1. School of Water Resources and Hydropower Engineering, North China Electric Power University,
Beijing 102206, China; 2. Northwest Engineering Corporation Limited, Power China, Xi'an 710065, China;
3. College of Water Sciences, Beijing Normal University, Beijing 100875, China)

Abstract ;[ Objective] This study aims to explore effective approaches for improving the accuracy and efficiency of monthly
runoff prediction under changing environmental conditions, thereby providing theoretical guidance for flood and drought pre-
vention and efficient allocation and management of water resources in the Yellow River Basin. [ Methods] Based on the idea
of decomposition-aggregation-high-frequency combined modal secondary decomposition-prediction, improved complete ensem-
ble empirical mode decomposition with adaptive noise (ICEEMDAN ) , variational mode decomposition ( VMD) , and long
short-term memory ( LSTM ) neural network were combined to develop a runoff prediction model based on secondary decompo-
sition of high-frequency combined modes. Monthly runoff series from 1960 to 2019 at Tangnaihai hydrological station in the
Yellow River Basin were used for a case study. [ Results] (1) The high-frequency combined modal secondary decomposition
model achieved higher prediction accuracy for monthly runoff series than the LSTM and ICEEMDAN-LSTM models, especially
during the testing period. (2) Compared with the LSTM and ICEEMDAN-LSTM models, the RMSE of the proposed model
decreased by 43.61% and 32.90% , respectively, while the corresponding NSE increased by 18.45% and 9. 78% , respec-
tively. (3) Compared with the ICEEMDAN-VMD-LSTM model, the prediction efficiency of the proposed model increased by
31.12%. [ Conclusions] The high-frequency combined modal secondary decomposition runoff prediction model has signifi-
cant effectiveness and practicability and can provide an effective reference for water resources management in the Yellow River
Basin under changing environmental conditions.
Keywords: ICEEMDAN; VMD; runoff prediction; sample entropy; LSTM; Yellow River Basin
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(3) Under unfavorable rainfall scenarios, pipeline siltation had an obvious threshold effect on waterlogging risk. When the
siltation coefficient exceeded 0.3, the proportion of severely silted pipes ( Class III) increased sharply, and inundation area
increased substantially. [ Conclusions] The spatial heterogeneity of rainfall significantly increases the risk of localized flood-
ing. Once sediment accumulation in pipelines reaches a certain level, it can trigger cascading failures in the drainage system.
The coupled effects of these two factors further exacerbate urban flooding. It is recommended that, in the planning and upgra-
ding of urban drainage systems, priority be given to improving the capacity of pipe networks and conducting regular sediment
removal and maintenance in areas prone to storm centers, thereby enhancing the overall resilience of the system.
Keywords: spatially non-uniform rainfall; spatial non-uniformity coefficient; two-dimensional truncated Gaussian distribu-
tion; pipe siltation
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