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Study of calculation method of return period of
multi-duration abnormal precipitation

QIAN Zhengdi' ZHOU Xueyun'’ ZHANG Heming' FU Wei' CHEN Hongwu'
(1 Ya’an Meteorological Observatory, Sichuan Ya’an 625000, China; 2 Heavy Rain and Droughi-Flood Disasters in
Plateaw and Basin Key Laboratory of Sichuan Province, Chengdu 610072, China)

Abstract On 11 August, 2020, the National Meteorological Station in Lushan County, Sichuan
Province, experienced an extremely abnormal precipitation event that far exceeded historical averages.
The 24-hour rainfall reached 425.7 mm, ranking second in historical records for Sichuan Province.
Within a 3-hour span, rainfall reached 348.6 mm, causing significant meteorological disasters. To
accurately assess the impact of this rainfall event in the local history, annual maximum rainfall data
spanning 42 years ( 1980-2021) with various durations (60,120, 180, 360, 720, 1 440 minutes) were
collected from the Lushan National Meteorological Station. Employing a combination of chi-square test
sorting, mean square error, residual sum of squares, and Wasserstein distance, as evaluation criteria,
while considering the consistency of precipitation distributions across different durations, the optimal
distribution, Johnsonsb distribution, were selected from among 80 probability density distribution
functions. Reoccurrence period wasinferred by using the inverse function of the distribution. Results

indicate that this method, when compared to commonly used limited distributions such as Pearson Type
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[T, Gumbel, and Gamma distributions in hydrological and meteorological contexts, minimized overall

mathematical fitting errors and considered engineering practicability. Particularly during anomalous

precipitation events, the computed reoccurrence periods were more in line with actual scenarios. Through

comparison across counties including Yucheng, Tianquan, Baoxing, and Shimian, the reoccurrence

periods calculated by using this method effectively reflected precipitation reoccurrence characteristics.
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Table 1 Comparison of historical averages of

different durations with 2020

ilivd DisEsl pslkRER/ 2020 AR, ARdEE/
min HI{E/mm mm mm mm
60 42.2 18.2 136. 1 5.2

120 55.2 31.7 229.1 5.5
180 64.8 48.4 348.6 5.9
360 81.7 56.2 409.3 5.8
720 98.5 57.6 423.5 5.6
1 440 107.7 57.0 425.7 5.6
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Fig.1 Annual maximum rainfall of different durations (unit; min) at Lushan from 1980 to 2021
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Fig.2 The data distribution of different durations at Lushan
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Table 2 Chi square and p-values of distribution functions for each duration (p>0.05)
60 min 120 min 180 min 360 min 720 min 1 440 min
A

FO pM ROl RO pMn R 0 RO e R pfm
genexpon 35.24 0.94 39.45 0.57 53.09 0.22 61.06 0. 63 23.18 0. 62 25.88 0.51
recipinvgauss 36.72 0.97 39.33 0.71 86. 89 0.30 58.90 0. 68 22.41 0.61 22.16 0.51
gumbel, 26. 82 0.38 43.31 0.20 92. 65 0.29 69. 25 0. 66 33.11 0.92 32.42 0.74
pearson3 41. 60 0.79 38.50 0.62 61.41 0.22 42.83 0.57 26.79 0.55 29.97 0. 44
fatiguelife 39.03 0.98 41.12 0.76 90. 05 0. 30 61.29 0.7 22.25 0. 61 21.89 0.51
exponnorm 34.70 0.96 46.51 0.58 115. 82 0.32 76.39 0. 68 24.74 0. 68 21. 68 0.56
beta 41.99 0.79 47.03 0.47 64. 45 0.25 42.27 0.56 25.68 0.58 29.68 0.45
gengamma 87.52 0.31 44. 61 0.92 93.74 0.61 41.59 0.36 24.47 0.71 22.39 0.58
invgauss 42.55 0.96 44. 68 0.85 93. 31 0.38 64.15 0.79 22.58 0. 63 21.88 0.53
exponweib 61.11 0.48 55.88 0.93 120. 17 0.73 37.39 0.29 22.03 0.8 19.91 0.69
lognorm 43.41 0.95 50. 87 0.96 106. 7 0. 66 73.92 0.97 22.16 0.77 20. 31 0. 66
johnsonsh 43.76 0.95 50.93 0.96 106. 94 0.67 73.67 0.97 22.38 0.78 20. 34 0.67
weibull ;, 62. 83 0.53 47.32 0.48 49.32 0.17 45.26 0.32 47.59 0.42 55.14 0.34
powerlognorm 44.34 0.94 52.71 0. 96 110. 13 0.67 76.28 0.97 22.14 0.77 20. 25 0.67
halflogistic 32.41 0.8 36.97 0.32 74.79 0.28 50. 37 0.55 47.32 0.52 59.74 0.32
invgamma 45. 61 0.94 60. 2 0. 88 124.75 0.8 87.24 0.99 22.35 0. 84 19. 64 0.74
johnsonsu 48.52 0.87 58.15 0.92 141. 98 0. 84 91.88 0.99 22.15 0.77 21.00 0.75
invweibull 46. 30 0.93 63.99 0. 84 132.59 0. 84 92.97 0.99 22.93 0. 84 19. 94 0.73
fisk 44.49 0.96 65. 87 0.81 144. 61 0.93 101. 06 0.99 28.08 0.91 23. 46 0.74
alpha 43.93 0.92 70. 96 0.73 145. 14 0.92 102. 66 0.99 24.58 0. 86 20. 47 0.72
wald 57.14 0.83 43.23 0.76 79.30 0.26 54.01 0. 64 60. 92 0.22 73.65 0.16
laplace 66. 23 0.07 52.94 0.13 57.78 0.16 63.39 0.21 127.57 0.76 123.99 0.58
halfgennorm 79.30 0.41 39.67 0.23 51.22 0.25 41.04 0.44 105. 68 0.16 94.27 0.16
expon 77.95 0.42 36.49 0.62 53.1 0.22 38.87 0.56 110. 71 0.15 138. 08 0.07
gilbrat 68. 08 0.74 45.31 0.78 71.83 0.29 51.05 0. 66 70.71 0.18 83.72 0.13
loglaplace 45.13 0. 84 80. 16 0.76 164. 59 0.87 118. 14 0.97 61. 44 0. 46 46. 80 0.33
foldcauchy 38.08 0.91 89. 46 0.58 158. 45 0. 81 108.2 0. 81 54.78 0.31 25. 61 0. 14
logistic 92.25 0.15 63. 11 0.23 56. 50 0.28 59. 44 0.32 85.22 0.75 95.19 0.77
gompertz 120. 19 0.3 35.63 0.26 60. 88 0.18 38.63 0.41 93.21 0.21 138.01 0.07
pareto 98.98 0.33 54.56 0. 46 56.48 0.16 48.30 0.34 119. 06 0.13 141.29 0.07
t 41.30 0.23 61.52 0.14 129. 87 0. 63 98. 11 0. 65 79.53 0. 94 80. 01 0.61
cauchy 57.92 0.09 72.54 0.11 137.56 0.33 111. 68 0.31 151.75 0. 44 155.30 0.35
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Fig.3 Theoretical frequencies of different return periods( unit:min) fitted with beta functions
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Table 3 The rank of residual sum of squares for fitting different durations of rainfall with different distribution functions
HE# PREL 60/min 120/min 180/min 360/min 720/min 1440/min 2it

1 exponnorm 0.001 88 0. 000 97 0. 000 41 0. 000 27 0. 000 22 0. 000 29 0.004 04
2 gumbel, 0.002 32 0. 000 96 0. 000 32 0. 000 22 0.000 16 0. 000 24 0.004 23
3 johnsonsb 0.002 14 0.001 10 0.000 51 0.000 31 0. 000 23 0. 000 30 0. 004 60
4 lognorm 0.002 15 0.001 1 0. 000 52 0. 000 32 0. 000 23 0. 000 31 0.004 62
5 loglaplace 0.00 271 0. 000 88 0. 000 26 0. 000 24 0. 000 27 0. 000 39 0.004 75
6 invgauss 0.002 23 0.001 2 0. 000 59 0. 000 36 0. 000 24 0. 000 32 0.004 94
7 fatiguelife 0.002 30 0.001 23 0. 000 6 0. 000 37 0. 000 24 0.000 31 0. 005 05
8 laplace 0.002 86 0.001 06 0. 000 31 0. 000 26 0. 000 24 0. 000 36 0. 005 08
9 recipinvgauss 0.002 38 0.001 27 0. 000 61 0. 000 38 0. 000 24 0. 000 32 0.005 19
10 gengamma 0.002 42 0.001 33 0. 000 6 0. 000 33 0. 000 24 0. 000 32 0.005 24
11 cauchy 0.003 15 0.001 00 0. 000 33 0. 000 29 0. 000 32 0. 000 40 0. 005 48
12 logistic 0.003 32 0.001 35 0. 000 47 0. 000 33 0.000 16 0. 000 25 0. 005 89
13 wald 0.002 81 0.001 41 0. 000 78 0. 000 49 0. 000 39 0.000 51 0. 006 4

14 halflogistic 0.003 29 0.001 35 0. 000 67 0. 000 43 0. 000 32 0. 000 43 0. 006 48
15 pearson3 0.003 31 0.002 08 0. 000 87 0. 000 53 0. 000 25 0. 000 35 0.007 40
16 gilbrat 0.003 35 0.001 64 0. 000 92 0. 000 57 0. 000 42 0. 000 54 0.007 44
17 genexpon 0.004 96 0.001 23 0. 000 57 0. 000 36 0. 000 24 0. 000 33 0.007 69
18 halfgennorm 0.004 69 0.002 25 0.001 02 0. 000 75 0. 000 43 0. 000 53 0. 009 67
19 expon 0.004 96 0.001 97 0.001 04 0. 000 66 0. 000 50 0. 000 62 0.009 75
20 pareto 0. 005 46 0.002 38 0.001 31 0. 000 81 0. 000 52 0. 000 63 0.011 10
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Table 4 The rank of wasserstein distance for fitting different durations of rainfall with different distribution functions
HE4 PREL 60 min 120 min 180 min 360 min 720 min 1 440 min 2t

1 gengamma 0.001 2 0. 000 7 0.000 6 0. 000 4 0.000 5 0. 000 6 0.003 9
2 johnsonsh 0.001 3 0. 000 7 0.000 5 0. 000 4 0.000 5 0. 000 6 0.004 0
3 lognorm 0.001 3 0. 000 7 0.000 5 0. 000 4 0.000 5 0. 000 6 0.004 0
4 recipinvgauss 0.001 1 0. 000 8 0. 000 6 0.000 5 0.000 5 0. 000 6 0.004 1
5 fatiguelife 0.001 2 0. 000 8 0.000 6 0. 000 5 0.000 5 0. 000 6 0.004 3
6 halflogistic 0.001 2 0. 000 9 0.000 6 0. 000 4 0. 000 6 0. 000 6 0.004 3
7 genexpon 0.001 4 0. 000 8 0.000 6 0.000 5 0.000 5 0. 000 6 0.004 3
8 invgauss 0.001 4 0. 000 8 0.000 6 0.000 5 0.000 5 0. 000 6 0.004 4
9 gumbel, 0.001 4 0.001 0 0.000 6 0.000 5 0.000 5 0.000 5 0.004 4
10 exponnorm 0.001 3 0. 000 8 0.000 6 0.000 5 0.000 6 0. 000 6 0.004 4
11 pearson3 0.001 1 0.001 1 0. 000 7 0.000 5 0. 000 6 0. 000 6 0.004 5
12 expon 0.001 4 0.001 0 0. 000 7 0. 000 6 0.000 8 0. 000 7 0.005 1
13 halfgennorm 0.001 4 0.001 1 0.000 7 0. 000 6 0.000 7 0. 000 6 0.005 2
14 loglaplace 0.001 7 0.001 0 0. 000 6 0. 000 6 0. 000 7 0.000 5 0.005 2
15 wald 0.001 6 0.001 0 0.000 8 0. 000 6 0.000 8 0. 000 8 0.005 5
16 gilbrat 0.001 6 0.001 0 0.000 8 0. 000 7 0.000 8 0. 000 8 0.005 7
17 laplace 0.002 0 0.001 2 0.000 7 0. 000 7 0.000 6 0. 000 6 0.005 8
18 logistic 0.002 2 0.001 4 0.000 8 0. 000 7 0.000 5 0.000 5 0.006 1
19 cauchy 0.002 6 0.001 6 0.000 9 0. 000 9 0.000 9 0. 000 8 0.007 8
20 pareto 0.002 8 0.001 9 0.001 1 0.001 1 0.001 4 0.001 1 0.009 4
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Wasserstein 28 55 HE & 2 #1
Table 5 The sum of RSS and Wasserstein distance rankings for

% 6 johnsonsb  HFHIMEAREHHBENSHFE
Table 6  The parameters for fitting rainfall of different duration

with Johnsonsb Distribution

fitting different durations of rainfall using various distribution functions

Vitt/min  B¥a BMb (WESK RESK
= assersted : 60 0.57 2.16 -7.62 84.03
B st RSS HE4 Wa:;ensteln M%ﬁ%
HEPY i HEA ZA 120 15.42 3.61 -9.98  3194.91
180 13.45 3.02 -3.09 3572.88
1 johnsonsb 3 2 5
360 2.11 1. 15 22.36 181. 87
2 lognorm 4 3 7
720 1. 88 0. 89 33.58 183. 46
3 exponnorm 1 10 11
1 440 5.19 1.58 28. 68 839. 41
4 3 10 1 11
s HE SRR 2 /K
5 gumbel 2 9 11
o £7 L2020 £ 5 FHORARAK BTN LELS
6 fatiguelife 7 5 12 . ] . .
Table 7 The maximum rainfall and return period of each duration
7 recipinvgauss 9 4 13 at Lushan Station in 2020
8 invgauss 6 8 14 Pifid/min - 60 120 180 360 720 1440
2 loglaplace 5 14 19 Fif/mm  136.1 229.1 348.6  409.3 423.5 425.7
10 halflogistic 14 6 20 HIM/a 343 640 2605 1750 1878 1822
11 genexpon 17 7 24
12 laplace ) . ’s £8 FHLHEARRMASHEHEHRRAN
ERAMKENENH
13 pearson3 15 1 26 Table 8 Return periods of maximum rainfall for different durations
14 wald 13 15 28 at Lushan Station, calculated using various fitted distribution functions
15 cauchy 11 19 30 !
. iV
16 logistic 12 18 30 s 120 180 360 720 1440
min
17 expon 19 12 31
johnsonsbh * 343 640 2 605 1750 1878 1822
18 halfgennorm 18 13 31
pearson3 2575 3313 32 159 20721 12202 8170
19 gilbrat 16 16 32 gumbel, 71 994 758 439 15 315 765 5 175 840 200 226 108 505
20 >t 20 20 40 " Ny
P e« N EAL A
140 n - 250 350 >
3 7 ; . . 3 7
120k (a) 60 min o 225+ (b) 120 min o 3001 (c) 180 min //
- 200 - ~ /
& 100k e #1751 < #2501 s
2 100 P g s P = -
7’ ’ b 7’
R sol L. &K 150+ L’ & 200 I
z [ 25t e £ ol P
= 60 L =100 - 7 = et
S e e
L -
50 + 50
20 1 1 1 1 25 /\ 1 1 1 / 1 1 1
25 50 75 100 125 50 100 150 200 100 200 300
B oW N hA e BV N A B 1oV & e
450 - - PR
400F (d) 360 niin e 400 (¢) 720 min e 400F () 1 440 min e
ﬁ 350_ /,// ﬁ 350 r ,,/’ ﬁ 350_ ,,/’
i 300F e = 300 e = 3001 e
& 250} e & 250+ i :\E 250} i
0 ’
= 200+ L g 200 - ,/ = 200- ,/
Sisor =2 150} & =2 150} e
100F 4 100 - / 100k /
S0p /\ | | | S0 | | | | S0k | | | |
100 200 300 400 100 200 300 400 100 200 300 400
BEboUN A LN DA ¢ MBI AR
S LRI I B johnsonsb 424 0-0 ]

Fig.5 Q-Q diagram of exponnorm distribution of precipitation in different durations in Lushan
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Fig.6  Precipitation return period of each duration in Lushan
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Fig.7 Theoretical frequency of return period using different fitted distribution functions at Lushan
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Fig.8 Annual maximum rainfall of different durations from 1980 to 2021 at Yucheng (a), Tianquan (b), Baoxing (c) and Shimian (d) stations
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Table 9  Optimal functions and maximum rainfall duration return

Periods for Yucheng, Tianquan, Baoxing, and Shimian

i s CFME, PisiRORE/ ROE

i £ e min mm mm HIH/ a
iYL invweibull 60 58.7 99.5 22
120 78.7 152.5 29
180 94.0 181.4 59
360 120.3 231.6 51
720 140.2 234.6 44
1440 155.7 249. 1 29
K4 exponnorm 60 43.2 75.1 116
120 56.9 116.4 244
180 65.2 136. 1 175
360 80. 4 143.9 46
720 95.8 160. 3 31
1440 108. 6 199.8 48
FEX  genlogistic 60 30.1 58.8 34
120 37.3 76.2 52
180 42.4 95.5 115
360 53.4 109.0 73
720 65.3 128.1 91
1440 74.7 129. 1 32
pay:! gennorm 60 32.0 81.0 420
120 38.0 90. 6 445
180 41.6 101.3 803
360 50. 8 115.0 479
720 61.9 144.1 2150
1440 67.6 148.2 2438
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Fig.10  Precipitation return periods for different durations in Yucheng, Tianquan, Baoxing, and Shimian
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