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3. Guangdong Engineering Laboratory of Estuarine Hydraulic, Guangzhou 510635, Guangdong, China)

Abstract; [ Objective ] Designing rainfall patterns serves as a crucial component in calculating design floods for ungauged basins,
significantly influencing peak flow rates and temporal distribution of design floods. Given the impacts of climate change, existing
rainfall patterns may alter, necessitating the extension of hydrology data to further investigate these changes. [ Methods ] This
study adopts the Mann-Kendall trend test and fuzzy clustering soft partition method, selecting 12 rainfall stations within four
typical watersheds in Guangdong Province, focusing on their annual maximum 24-hour and 72-hour rainfall processes. Based on
an index system, a fuzzy equivalence matrix is constructed, and the design rainfall patterns under different durations are derived
using fuzzy clustering. [ Results]The results indicate that annual maximum 24-hour and 72-hour rainfall in the Dongguan River
Basin exhibits an increasing trend, with Baimang meteorological station showing the highest rate of change at 0. 96 mm/a for
annual maximum 24-hour rainfall. Conversely, a decreasing trend is observed in the Rongjiang North River Basin, with Fukou
meteorological station experiencing a rate of change of —1.25 mm/a for annual maximum 72-hour rainfall. Furthermore, the
design rainfall patterns in all typical basins exhibit composite peak characteristics, with no significant difference in the proportion
of the main rain peak in total rainfall. The primary difference lies in the temporal distribution of rainfall. [ Conclusion ] Compared
with the design rainfall patterns outlined in the “Rainstorm Runoff Calculation Chart Manual of Guangdong Province” , the control
period of the main peak was shifted. This research not only provides valuable references for design flood calculations in typical
watersheds but also offers insights into the study of rainstorm patterns in ungauged regions.

Keywords: Guangdong Province; fuzzy clustering soft partitioning method; rainfall; Mann-Kendall trend test; design rain

pattern; climate change; rainstorm pattern in areas without data; flood forecast
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Table 1 Trends of 24 h and 72 h rainfall changes of different rainfall stations
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Table 2  Classification results of rainfall pattern samples
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&3 24 hEWMARERC(HEA 1)
Table 3 Cluster centers of 24-hour rainfall patterns (with 1-hour time intervals)
1 2 3 4 5 6 7 8 9 10 11 12

BT 0.031 0. 030 0.027 0.024 0. 030 0.030 0.032 0. 042 0. 040 0.031 0.031 0.021

13 14 15 16 17 18 19 20 21 22 23 24
0. 035 0. 038 0.034 0.028 0. 058 0. 064 0. 054 0. 082 0. 046 0.072 0. 065 0. 055
1 2 3 4 5 6 7 8 9 10 11 12
T 0.016 0.014 0.016 0. 020 0. 042 0. 041 0. 048 0. 055 0.081 0.072 0. 075 0. 057
b 13 14 15 16 17 18 19 20 21 22 23 24
0. 023 0. 046 0. 042 0.028 0.038 0. 046 0. 046 0.053 0. 029 0.012 0. 052 0. 048
1 2 3 4 5 6 7 8 9 10 11 12
ok 0.019 0. 025 0.023 0.025 0.035 0.031 0. 040 0.043 0. 069 0.036 0.031 0. 047
13 14 15 16 17 18 19 20 21 22 23 24
0. 069 0. 064 0. 066 0. 063 0.073 0. 062 0.032 0.033 0. 030 0.042 0.018 0.024
1 2 3 4 5 6 7 8 9 10 11 12
Tk 0. 026 0.031 0. 046 0. 060 0. 040 0. 044 0. 036 0. 053 0.072 0. 049 0. 063 0. 055
13 14 15 16 17 18 19 20 21 22 23 24
0. 033 0. 026 0. 036 0. 029 0.019 0. 028 0. 050 0. 040 0. 043 0. 053 0.041 0. 026
R4 72hEWWEREFL(FHEAG6N)
Table 4  Cluster centers of 72-hour rainfall patterns (with 6-hour time intervals)

W 1 2 3 4 5 6 7 8 9 10 11 12
oL 0. 048 0. 032 0.078 0. 083 0. 100 0. 101 0.121 0. 143 0. 106 0. 081 0. 060 0. 046
AL 0. 040 0. 037 0.058 0. 047 0.162 0.132 0.111 0.109 0. 141 0.072 0. 050 0.041
ki 0. 026 0.03 0. 049 0. 081 0.179 0. 156 0. 100 0.111 0.123 0.052 0.035 0. 058
Tl 7K 0. 050 0.025 0. 050 0. 059 0. 089 0.172 0.208 0.070 0.070 0. 085 0. 054 0. 068
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Fig. 3 Comparison chart of old and new 24-hour rainfall patterns
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