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Fig. 4 The results of rainfall synchronous processing
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Fig. 5 Variation of runoff peak under spatial average rainfall
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Fig. 9 Rainfall distribution and flood process of three typical rainfall fields
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Influence of rainfall spatial and temporal heterogeneity on flooding process in urban rivers

LIU Yesen, LIU Yuanyuan, LI Min, LI Kuang
(China Institute of Water Resources and Hydropower Research ,Beijing 100038, China)
Abstract: There is an increase of extreme rainfall events frequency in cities due to global climate change and rapid urbanization,
which brings urban flood disasters. The temporal and spatial heterogeneity of extreme rainfall events in urban areas became
more and more obvious in recent years, mainly manifested in the aggravation of spatial heterogeneity and more concentration
temporally and spatially in the rainfall process. Owing to temporal and spatial heterogeneity, it is difficult to evaluate and predict
the flooding process in urban areas, especially with sudden rainstorm events, which becomes an important issue for improving
the accuracy of the urban flood model.

Buji River basin is located in Shenzhen,China, which covers 40. 59 square kilometers area,and the built-up area in the re-
gion exceeds 70%. To improve the urban flood model concerning temporal and spatial heterogeneity, 116 heavy rainfalls events
were extracted from the monitoring data of 5-minute intervals of meteorological stations from 2018 to 2020, and the discrete sta-
tion monitoring data was interpolated into spatially continuously distributed grid data by a spatial interpolation algorithm. The
spatial average rainfalls and rain peak synchronous rainfalls were constructed with spatial averaging and time synchronization
method. The spatial averaging method was to average the rainfall data every 5-minute for the whole basin. The time synchronous
method was realized by adjusting the phase of the rainfall process in each grid, to ensure that the rain peaks of each grid appear
at the same time. A urban flood model was used to simulate the flooding process of the outlet section of the watershed caused by
116 monitoring rainfall and 232 rainfall processes after spatial averaging and time synchronization,and the flood peak change in-
dex of each rainfall was extracted. The rainfall center and rainfall movement direction of 116 rainfall events were counted, and
their effects on peak discharge and flood process were analyzed.

The results showed that after spatial averaging, the variation of flood peak was —43.9% ~ 34. 7%, with an average of
—3.3% compared with the flood peak obtained from the original rainfall. The flood peak was varied due to the spatial relation-
ship between the rainfall center and geometric center of the basin. The flood peak was mainly reduced with the rainfall center lo-
cated upstream of the geometric center of the basin, after spatial averaging,and the flood peak was mainly reduced with the rain-
fall center located in the opposite position of the geometric center of the basin. For the 65 rainfalls in the northeast (upstream)
of the geometric center, the average variation of flood peak was —15.1% .and for the 51 rainfalls in the southwest side of the
geometric center, the average change of flood peak was 3.1%. Compared with the original rainfalls, the variation of flood peak
obtained by the rainfall peak synchronous processing is —33. 7% ~20. 0% , with an average of —3. 0%. The variation of flood
peak was related to the direction of rainfall movement, with the average variation of flood peak 14 rainfalls moving from north-
west to the southeast was —7. 3%. The average variation of 12 rainfalls moving from northeast to southwest was —2. 2% and
the average variation of 20 rainfalls moving from southwest to northeast was 2%. For the flooding process, when the flood peak
increased, the flood peak duration was shortened. On the contrary, when the flood peak decreased, the flood peak duration in-
creased.

Under the same total rainfall, compared with the original rainfall, the variation of flood peak caused by spatial average was
—43.9%~34.7%,and the variation of flood peak caused by synchronous rainfall was — 33. 7% ~20. 0%. The variation of
flood peak with spatial averaging was mainly due to the spatial relationship between the center of original rainfall and the spatial
center of the basin. The variation of flood peaks caused by the synchronization was related to the moving direction of rainfall.
The flood peak was more likely to increase after synchronization with the moving direction of rainfall opposite to the confluence
direction. The references can be provided for flood simulation calculation and flood risk assessment in an urban watershed.

Key words: rainfall center; rainfall movement direction; urban river;flood peak;flood process

+ 326 ¢« #FRESLEM





