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Abstract Due to the limitation of observational data, there are few studies on the
characteristics of short-term extreme precipitation and the threshold of short-term
extreme precipitation below the daily scale in the past. Based on the hourly
precipitation data of 2464 stations in China from 1991 to 2021 newly developed by
the China Meteorological Administration, this paper analyzes the frequency
characteristics of 1-hour and 3-hour precipitation in China, uses the percentile method
to count the I-hour and 3-hour extreme precipitation thresholds respectively, and
explores the climatic characteristics of short-term extreme precipitation in China. The
analysis results show that the hourly precipitation frequency of some stations in
Sichuan, Guizhou, Hunan, Jiangxi, Fujian and Zhejiang provinces is relatively high,
up to 12%, and the hourly precipitation frequency in Northwest China is generally low,
most stations are less than 3%. From 1991 to 2021, the frequency of 1-hour and
3-hour extreme precipitation showed a decreasing trend. A total of 64.7% of the
stations have the linear trend of 3-hour extreme precipitation frequency in phase with
that of 1-hour extreme precipitation frequency. The spatial characteristics of extreme
precipitation and extreme precipitation threshold in China are obvious. The extreme
precipitation threshold of one hour precipitation basically shows the spatial
characteristics of large in the southeast and small in the northwest. Compared with
other regions in China, the thresholds of Guangdong, Guangxi and Hainan are larger.
The historical average extreme value of one hour precipitation in Hainan, Guangdong,
Guangxi and Jiangsu provinces exceeded 80mm/h, of which the average extreme

value in Hainan Province was the highest, reaching 102.7mm/h.
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Fig.1 Spatial distribution of hourly precipitation starting year of National Stations in China
(The rectangles in the figure represent the eastern region (1), the southern region (2), the

southwestern region (3), and the northeastern region (4), respectively)
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Fig.2 Number of hourly precipitation general observation stations in 1951-2021
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Fig.4 Spatial distribution of (a) precipitation frequency (%), (b) extreme precipitation threshold



(mm), (c) precipitation extreme value (mm) within one hour in national stations
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K1 BE 1NN BEAESRME. B PEK R EM R mRE
Table 1 One-hour average precipitation extreme value, extreme precipitation threshold value and

extreme extreme value in each province

Fr B CHRKD SFEIRAE Com) Wi A B (om) AR ARAE (mm)
1 bo k=) 76. 4 16.9 201.9
2 5 82.8 18.5 161.9
3 IR 89.5 23. 4 161.0
4 At 75.8 17.4 143.2
5 i 84.0 21.3 140. 5
6 bii| 76.9 15.8 139.8
7 ¥Eae] 102.7 28.9 139.2
8 2 75.8 18.4 138.0
9 HIER 79.7 21.3 137.9
10 WL 73.5 14.6 137.6
11 Py 64.5 12.2 134.6
12 il 71.9 14.0 125.4
13 b 74.7 19.1 124.2
14 i 79.6 14.5 119.6
15 M 71.9 15.4 115. 4
16 AN} 71.3 16.3 114.5
17 [ 74.8 19.9 111.9
18 U 68.3 18.1 111.0
19 = 58. 8 13.4 106. 6
20 e 47.3 11.5 106. 0
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21 R 75.5 22.2 102. 8

22 Bk 7 58. 1 10.3 101.5
23 L 56.9 13. 4 92.3
24 L 51.2 12.0 92.1
25 IR 65.9 12.4 90.0
26 T 54. 1 12.9 88. 4
27 Hift 39.3 7.6 84.7
28 THE 39.3 8.3 73.5
29 o 22.1 5.7 67. 2
30 Hilg 25.9 6.0 58.5
31 i 20. 7 5.8 33.8
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2021) o X5 _EI& 1 /N Bl A S 1 A 2 R AL AL, EAE R E P AL
DX, /NI AR S B /K 38T I BB s P 7K P AR TP a3

50N

40N A

30N

70E 80F 90E  100E  110E 120 130E  140F

.04 ~0/02 8] 0.02 0.04

B 6 1991~2021 5+ [E&uh 1 /NE A b P K A0 2R 28 P i 2

12



Fig.6 Linear trend of one-hour extreme precipitation frequency in China stations from 1991 to
2021
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AT LLR I 1 /NI B AR BRSP4 AE 35 R AR ARBR I AR R, P81 T 2013 4R AUl
HRBES GBI 0.05 BEMAT, EWE , 1 /NGRS R D . RS
6 FF R AN R 40 X 1 /)N 5 i 7R B3 4 A 34 2 [ 43 AT ARFALE , 36 58 ZR X (30°
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(20° N~33° N, 95° E~107° E) . &ILX (40° N LAk, 120° E BAZR) FL/Y
AR (LB 6D, 43 AR 1991~2021 EARX . BEIX . PURX . RIBXF 1
NI KRS B K AR BE S % (B by Tes Tds Te) o RIX 1 /N B /KA R PR
78 2013 S RAE T IR (Gt 0. 05 BEMEAKT) , RARK A1 5 4 E P30 1
/NS B KA AR B F— B, 2013 4 2R X B K S0 3 BE 1 A A2 A AR AR B 2D AR e —
VOB AEARBRAZ A, P REFN A BRASBEAT iy 25 SRR JL KT R I AR AR BRI B G 0% —
G BRARWR A5 R AR AE 1998~2013 4, 1E 2013 E45 W (Trenberth, 2015) ;
—. Xiao et al. (2022) #§ LA X ()M R IR BEAE 2013/2014 AE KA T
W MTHR AR, AT SR 1 X I A5 L3 P i R R AL Bk B P AR OK
PR X G ARIX 1 /NI B K A P AR AR AR A () BB SR AT R AL IME A
BATFEAMIIRE TE o AR IX 1 /NI AR 3 e K AR P B B A2 0. 1%, b4 [ %
S35 Y B K AR D AR AT 2 . 1995 AEAN 2014 SFE 7 TR AR X 1 /N B o 7K AT
R KA AT MEEGY, 43 B8 0. 98%F1 0. 19%. Fa X 1 /N F St A /K A3 3R 7 1)
BN 0. 09%, 2014 4K K SRR w5 9 0. 76%, 2001 AR, 9 0. 28,
PR IX 1991~2021 4 1 /N Bl S B /K B S48 K& 3, AR tkila %5 09 0. 05%/104a,
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Fig. 7 The time series and linear trend of annual average extreme precipitation frequency
anomalies from 1991 to 2021: (a) the whole country; (b) the eastern region; (c) the southern

region; (d) the southwest region; (e) the northeastern region
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Fig. 8 Anomalous seasonal variation of extreme precipitation frequency in China (%)
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precipitation extreme value (mm) within 3 hours of national stations
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Fig. 10 Three-hour precipitation average extreme value, extreme precipitation threshold and

extreme extreme value (mm) in each province
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Table 2 Three-hour precipitation average extreme value, extreme precipitation threshold and

extreme extreme value in each province
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Fig. 11 Linear trend of extreme precipitation frequency at each station in China from 1991 to

2021 (One-hour and three-hour precipitation trends are the same or opposite)
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