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Abstract: Against the backdrop of intensifying climate change and urbanization, the increasing frequency of extreme compound
hydrological events has disrupted urban production and daily life, posing threats to public safety and property. Understanding the
joint frequency characteristics and underlying mechanisms of these extreme events is critical for ensuring water security. This study
employs copula-based joint distribution theory to analyze the joint frequency characteristics of extreme rainfall-flood, flood-tide,
and rainfall-tide compound events in the Taihu basin, revealing the changing patterns of their co-occurrence probabilities across
different urbanization stages. Compared to the early period, extreme water levels, tidal levels, and rainfall during the rapid
urbanization phase have shown a significant increase, with the annual maximum 1-day rainfall rising by more than 15% and the
annual maximum 1-day water level increasing by over 6%. Moreover, the mean values of hydrological elements in the
Wuchengxiyu sub-region are consistently higher than those in the Yangchengdianmao sub-region. The Wuchengxiyu sub-region

faces a higher risk of extreme rainfall-flood compound events, while the Yangchengdianmao sub-region is more prone to extreme
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rainfall-tide and flood-tide compound events. The study highlights that extreme compound hydrological events in the Taihu basin
are significantly influenced by urbanization intensity, with the probability of encountering such events during the rapid urbanization
period approximately doubling. Notably, the rate of change in return periods is greater in the Wuchengxiyu sub-region than in the
Yangchengdianmao sub-region. These findings provide valuable scientific insights for engineering hydrological design and flood
risk mitigation in the Taihu basin and other rapidly urbanizing regions.
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Fig.3 M-K mutation of mean annual maximum 1-day water level, precipitation, tide level, and M-K mutation of

tide level at Dingbo station in the Taihu basin
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Fig.4 Comparison of annual maximum 1-day hydrological variables in the Taihu basin between early and late

urbanisation
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Tab.1 Evaluation of the joint distribution fit of compound extreme hydrological events and the corresponding

function at each station
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Fig.5 Two-dimensional joint probability distribution of extreme hydrological variables
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Fig.6 Rates of change in the late urbanisation re-occurrence period relative to early urbanisation for compound

extreme events
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Tab.2 The joint return period of the pre-urbanization period and the high-speed period of extreme compound

events at each station

WL A R

K3k i KAL-FEAK KA A -FRK
GiA! 2 1.51 1.44 1.37
5 2.80 2.44 2.26

10 4.65 3.73 3.59

25 8.12 5.91 6.28

50 19.27 11.36 15.32

T 2 1.40 1.24 1.42
5 3.20 2.12 2.75

10 5.62 3.08 4.25

25 9.81 4.55 6.28

50 20.34 8.22 10.36

pisAl 2 1.73 1.54 1.50
5 5.45 5.12 2.93

10 11.93 9.33 5.55

25 238 13.42 12.02

50 60.52 19.26 43.75

[ 14 2 1.26 1.20 1.36
5 1.66 1.78 1.80

10 2.08 2.43 2.43

25 2.86 3.56 3.72



50 5.94 7.42 9.32

A 2 1.36 1.21 1.40
5 2.10 1.79 2.13
10 3.16 2.67 3.07
25 5.19 458 4.72
50 12.34 12.95 9.42
H 2 1.15 1.11 1.23
5 1.65 1.85 1.76
10 2.32 3.27 2.58
25 3.39 6.29 4.18
50 6.03 18.06 9.21
JREH 2 1.48 1.44 1.49
5 3.47 3.89 2.97
10 6.32 6.82 5.33
25 11.03 10.54 10.25
50 23.04 17.15 26.38
i 2 1.43 1.34 1.29
5 2.84 2.31 2.57
10 4.19 3.55 4.18
25 5.75 5.7 6.76
50 8.36 11.7 12.96
i 2 1.21 1.11 1.31
5 1.78 2.55 1.9
10 2.42 4.94 2.46
25 3.36 9.27 3.19
50 5.29 20.71 4.54
BB 2 1.16 1.14 1.24
5 1.83 2.11 1.83
10 2.76 3.21 2.62
25 4.45 5.01 4.02
50 9.75 10.4 8.22
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