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Three-dimensional identification and spatiotemporal dynamic evolution study of extreme precipitation in river
basins based on grid aggregation theory and Copula function//REN Liliang'*>, WAN Yixin'?, YUAN Shanshui'~***,
ZHU Liujun'*, LIU Yi'?, YANG Xiaoli'*, JI Fang'**( 1. State Key Laboratory of Water Disaster Prevention, Hohai
University , Nanjing 210098, China; 2. College of Hydrology and Water Resources, Hohai University, Nanjing 210098,
China; 3. Yangize Institute for Conservation and Development, Hohai University, Nanjing 210098, China; 4. Key
Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Ministry of Water Resources, Nanjing 210098, China)
Abstract: To better cope with extreme precipitation disasters in river basins, a three-dimensional precipitation event
identification method was proposed based on the grid aggregation theory. The method involved identification, clustering,
and segmentation steps to capture precipitation events and their three-dimensional characteristics. On this basis, a Copula
function was used to couple the duration, intensity, and total amount of precipitation, forming a new extreme precipitation
index COP. A case analysis of the spatiotemporal dynamic evolution of extreme precipitation was conducted in the Yellow
River Basin. The results show that the three-dimensional precipitation event identification method proposed in this paper can
effectively capture the evolution process of precipitation events. Compared with the traditional P, extreme precipitation
index, the proposed extreme precipitation index can more accurately capture the spatiotemporal migration patterns of
extreme precipitation in the Yellow River Basin and account for the cumulative contribution of weak precipitation events
during the development of extreme precipitation, providing a more comprehensive description of the spatiotemporal evolution
mechanism of extreme precipitation events.

Key words: extreme precipitation; three-dimensional identification; grid aggregation theory; Copula function; the Yellow

River Basin
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Fig.1 Schematic diagram of extraction process for three-dimensional spatiotemporally continuous precipitation events
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Table 1 Statistic results of precipitation events

WA L7 P/m’ A/km?  I/(mm/d) D/d
FHE 75.3 2.40x10° 0.54 1.25
Ty %% 1.83x107  7.34x10° 3.05 6.79
brifii 22 4.28x10°  2.71x10* 1.75 2.61
LREDE 0.0695  2.03x10° 0.22 1.00
RME 4.72x10°  7.95x10°  66.73 252.00
e/ IME 0.0093 92.38 0.03 1.00
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Table 2 Fitting results of three-dimensional

Copula functions
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Copula PR%K opuj:ﬁl(lﬁl Gt

Frank 19.3841 0.2285
Gumbel 4.6136 0.2780
4.4227 0.4387

pfE RMSE AlC
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Table 3 Four identified extreme precipitation events based on COP value

WA D/d A/J7 km® TR I 1] LR [R] P/ m’ I/(mm/d) COP 1§
1274_14 154 79.5 2003-04-13 2003-09-13 32.4 2.6465 0.7858
4538_19 156 79.5 2012-04-01 2012-09-03 30.5 2.4582 0.7584
6744_16 207 79.5 2018-04-08 2018-10-31 41.7 2.5354 0.8169
7446_38 232 79.5 2020-03-05 2020-10-22 47.2 2.5570 0.8324
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