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Tab. 1 Rainfall extreme data information at Zhakou, Gongchengiao, Zhongcun, Qibao and Yuhang stations in the main urban area
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Tab. 2 Parameter values for Pearson type Il model

28 [ 7 Rt /min
10 20 30 45 60 90 120 180
E, 1.79 1.42 1.18 0.96 0.80 0.60 0.47 0.35
C, 0.33 0.36 0.38 0.40 0.40 0.43 0.43 0.40
C, 0.99 1.08 1.27 1.25 1.20 1.29 1.29 1.20
WEE 0.989 2 0.9700 0.966 5 0.9720 0.9823 0.972 6 0.969 7 0.9820
F3 RARKRE B ETT FR AR
Tab.3 Design rainfall intensities based on Pearson type [l model (Y : mm/min
A [ R 5 B /min
10 20 30 45 60 90 120 180
2 1.69 1.33 1.09 0.88 0.74 0.55 0.43 0.32
3 1.95 1.55 1.28 1.05 0.88 0.66 0.52 0.38
5 2.24 1.80 1.50 1.24 1.03 0.79 0.62 0.45
10 2.58 2.11 1.78 1.47 1.23 0.95 0.74 0.54
20 2.90 2.39 2.04 1.70 1.41 1.10 0.86 0.62
30 3.07 2.54 2.19 1.82 1.51 1.18 0.93 0.66
50 3.29 2.74 2.37 1.98 1.64 1.29 1.01 0.72
100 3.57 2.99 2.61 2.18 1.81 1.43 1.12 0.79
222 BK LR LA RO BEAT IR A o G R B GETHS RO E 45

AT UM X BT R R A FCR e R 4, AR FE B (2~100 a) FIAS [ 3 if 45 &
OISR DRG0, AR AE LU BRI — 2k, A ARG SRR R IR 5.
R [ 328 PR DL 2R A 6F TR] 11 3285 8 4 g s o o R £
F4 BRINRDHEH

Tab. 4 Parameter values for Gumbel distribution model

28 FE TR 7 ARt /min
10 20 30 45 60 90 120 180
a 2.35 2.72 3.11 3.71 4.40 5.49 6.89 10.03
u 1.54 1.21 0.99 0.81 0.67 0.50 0.39 0.29
WEE 0.976 9 0.962 1 0.9579 0.964 2 0.975 8 0.968 6 0.966 1 0.970 8
x5 REABKIURSHENZITFRMR
Tab. 5 Design rainfall intensities based on Gumbel distribution {3 mm/min
A [ R 5 B /min
10 20 30 45 60 90 120 180
2 1.70 1.35 1.11 0.91 0.75 0.56 0.44 0.33
3 1.92 1.54 1.28 1.05 0.87 0.66 0.52 0.38
5 2.18 1.76 1.48 1.21 1.01 0.77 0.61 0.44
10 2.50 2.04 1.72 1.41 1.18 0.91 0.72 0.52
20 2.80 2.30 1.95 1.61 1.34 1.04 0.82 0.59
30 2.98 245 2.08 1.72 1.44 1.11 0.88 0.63
50 3.20 2.64 2.25 1.86 1.56 1.21 0.96 0.68
100 3.50 2.90 2.47 2.05 1.72 1.33 1.06 0.75
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Fig. 2 Comparison of design rainfall intensities calculated using new and current rainfall intensity formulas
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Tab. 6 Comparison of parameters between the new and current rainfall

intensity formulas
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Fig. 3  Correlation analysis between minute and hourly rainfall extremes
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Fig. 4 Comparison of three rainfall intensity formulas with the 120 min rainfall extremes at Gongchenqiao, Zhongcun and Qibao stations
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Fig. 5 The growth rate of rainstorm intensity under each return period for the current formula and the Gumbel new formula compared to the design

rainfall intensity at Zhakou station from 1974 to 2013
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Revisited urban rainfall intensity formula:

An example of the main urban area of Hangzhou
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(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. Cooperative Innovation Center for Water Safety &

Hydro Science, Hohai University, Nanjing 210024, China; 3. The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research

Institute, Nanjing 210029, China; 4. Power China Huadong Engineering Corporation Limited, Hangzhou 311122, China )

Abstract: Extreme rainstorms in many cities have broken historical records repeatedly, thus urban flooding disasters

occur frequently. Under the background of global warming, extreme rainstorm events showed an increasing trend. In

the past few decades, China's urbanization process advanced rapidly, and the rain island effect caused by rapid

urbanization also led to the frequent occurrence of extreme rainstorm events to some extent. The characteristics of
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many urban rainstorms changed significantly, and the consistency of rainfall series no longer existed, so the current
rainfall intensity formula may no longer be applicable. The rainfall intensity formula is one of the basic bases for the
construction of urban drainage and waterlogging prevention infrastructure. To objectively reflect the characteristics
and rules of urban rainfall and avoid underestimating the intensity of design rainstorms, the current formula needed
to be reviewed and updated.

The main urban area of Hangzhou was taken as an example, based on the rainfall extreme data from 1982 to
2022 at Zhakou station, the Mann-Kendall trend analysis method and the Pettitt test method were selected to analyze
the trend and abrupt change of the annual rainfall extreme and selected Pearson type III distribution and Gumbel
distribution curve for model fitting, respectively. The particle swarm optimization algorithm was used for parameter
estimation of the rainfall intensity formula, and the newly derived rainfall intensity formulas were reviewed and
analyzed. The rationality of the newly derived rainfall intensity formulas was indirectly analyzed using the rainfall
extreme data of Gongchengiao, Zhongcun, and Qibao rainfall stations and the extended historical rainfall extreme
data of Zhakou station.

The following results were obtained: (a) At the significance level of 0.05, the maximum rainfall series of 10, 20,
30, 45, 90, 360, 540 and 720 min at Zhakou station showed an insignificant downward trend. The annual maximum
rainfall series of 60, 120, 180, 240 and 1 440 min showed an insignificant upward trend, and there were no
significant abrupt change points in different duration rainfall series. (b) The average absolute mean square
deviations of the new rainfall intensity formulas obtained from Pearson type III distribution and Gumbel distribution
were less than 0.05 mm/min, and their average relative mean square deviations were less than 5%. (c) The rainfall
intensities of the two new formulas were significantly larger than that of the current formula for considering
different durations except for the 10-minute duration. (d) Based on the rainfall extreme data of Gongchengqiao,
Zhongcun, and Qibao rainfall stations, the design rainfall intensities of the current formula were indirectly verified
to be small. (¢) It was shown that the difference between the new formulas and the current formula was due to the
change in sampling stations and the change in the data years. Trend analysis results of the rainfall series showed that
extreme rainfall in the main city of Hangzhou showed an insignificant increase, so the new formulas were more
reasonable and safer than the current formula.

The rainfall intensity formulas of Pearson type III distribution and Gumbel distribution were deduced and
compared with the current formula based on the rainfall extreme data from 1982 to 2022 at Zhakou station. The new
rainfall intensity formulas derived from the latest rainstorm data could be used as a reference for the design of

drainage and flood prevention projects and the construction of related facilities in the main urban area of Hangzhou.

Key words: rainfall extreme; rainfall intensity formula; Pearson type III distribution; Gumbel distribution;

Hangzhou
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