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Spatial and temporal distribution and circulation characteristics of extreme hourly
precipitation and precipitation events in central Hunan during summer

CAI Haichao"?, CAI Jinjie**, LIU Hongwu™*, QU Youming®, TANG Yun’, CAI Xingfang'
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Abstract: Based on hourly precipitation observations from the National Meteorological Information Center of the China Meteorological
Administration and ERAS hourly 0.25°%0.25° reanalysis data during summer from 2016 to 2025, this study investigates the spatiotemporal
evolution patterns and underlying mechanisms of extreme precipitation events in central Hunan region, in order to enhance the regional
rainstorm disaster prevention ability. We analyze the spatiotemporal distribution of extreme hourly precipitation and extreme precipitation
events in central Hunan, and compare the associated abnormal circulation characteristics for events of different durations. The results are
as follows. (1) The threshold, mean precipitation, and intensity of extreme hourly precipitation in central Hunan during summer exhibits a

“north—south contrast” with higher values in the north and lower values in the south. High-value centers for threshold and intensity are
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located in the Chenxi-Mayang-Xupu area, while the high-value areas of mean precipitation and mean frequency are along the central
Xuefeng Mountain range and its southern foothills. The ten-day periods with high-frequency of extreme hourly precipitation exhibit a
phased "south-to-north" progression. (2) The frequency of extreme precipitation events shows a "low-high-low" pattern from west to east,
while the mean precipitation amount exhibits a "more in the north, less in the south" distribution, The mean intensity presents multiple
localized maxima. and the contribution rates of extreme precipitation events to total precipitation are particularly prominent in Anhua,
Xupu, and Changsha County. (3) The short-duration extreme precipitation events peak in early to mid-August; medium-duration events
peak in early June followed by late June; long-duration events peak from late June to early July. The diurnal variation of short- and long-
duration events shows a unimodal pattern, peaking at 16:00 and 08:00 (Beijing time) respectively, while medium-duration events exhibit a
bimodal pattern, with peaks at 16:00 and 07:00. (4) Short-duration events occur under the background of a weaker and eastward-displaced
Western Pacific Subtropical High (WPSH), with an abnormal cyclonic circulation extending from central Hunan to the southeastern coast
of China. In contrast, medium-duration and long-duration events occur under a westward-extended and stronger WPSH, accompanied by
an anomalous anticyclone over the South China Sea to South China, which enhances moisture transport from the Bay of Bengal and the

South China Sea to central Hunan, These findings provide scientific references for monitoring, early warning, and disaster risk mitigation

of extreme precipitation events in central Human.

Key words: extreme precipitation events; spatial and temporal distribution; anomalous circulation; central Hunan
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Fig. 1 Meteorological stations and topography over central Hunan (shaded,

unit:m) (A denotes national meteorological stations, * denotes regional

meteorological stations)
1.2 |ARF*
1.2.1 A% 3% > B e 7k 52 3L
ARSCR A AT (2013) 42 1A A0k R )
Ui /NI FAE K B . PEEX 2016—2025 4F H Z=i b b IX
25 3l R/ I R B A, 0T HH = 0.1 mm A R
KR, FHEEET P HES (55 55, 2025), 430l
55 90.0, 95.0, 98.0. 98.5 % 99.0 43N AU,
A R AN [ 58 5 1 0% it /N R B2 7K B (WL 36 1) 48T
K, 55 90.0 [ 47 B AE B IR AL S (10.14%),
{HSEEAET 10.0 mm-h!, 1 =10.0 mm-h! Rk
W T NRERSE G R (B 5, 2013), PG
(B A A MR i [ K RRAE; 56 99.0 T 400 R H B1

& 120162025 FE T Pt X R E B 5otk im /N oK E
ERITER
Table 1 Statistical results of extreme hourly precipitation thresholds at

different percentiles in central Hunan during summer from 2016 to 2025
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Table 2 Key characteristic variables of extreme precipitation at the study stations and their definitions
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Fig. 2 Spatial distribution of (a) extreme hourly precipitation threshold (unit: mm), (b) mean precipitation (unit: mm-a™") , (c) mean frequency (unit:

times-a™'), and (d) mean intensity (unit: mm-h™") in central Hunan during summer from 2016 to 2025
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Fig. 3 Spatial distribution of (a) the ten-day period with the highest frequency of extreme hourly precipitation and (b) its frequency contribution rate

(unit: %) in central Hunan during summer from 2016 to 2025
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Fig. 4 Spatial distributions of (a) frequency (unit: times), (b) mean precipitation amount (unit: mm), (c) mean intensity (unit: mm-h™"), and (d) contribution

rate to total precipitation (unit: %) of extreme precipitation events in central Hunan during summer from 2016 to 2025
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Fig. 5 Spatial distribution of ten-day and diurnal variations in the frequency of maximum hourly precipitation (shaded, unit: times) for (a) short-duration, (b)
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medium-duration, and (c) long-duration extreme precipitation events in central Hunan during summer from 2016 to 2025

B, VAT T b DX AN () g A s R K A

JEE R K S 9 25 18 23 A1 (1] 6), Ha [ AT

AL A TR 73 P48 S A 7K 2P A 3 P X 3% 38 B g [

IR S DX, G5 38 I g st A 884 i 6 52k, e AL P
1 0 S DXL R B 3 i A A e, E I AT IE L f 5
DX 22 T 50 R 2 S T R W



5544 BUER, S5 W v b DX 20 S/ )N P A K IR S B K S B ) 25 01 B R R 529
80°N B RO - r T =
(a) N e Ot o e, G [() o e e ap o
o | e | Ei 02
..... 0.1
40 N 0
2 lat —0.1
20 - 0n
0 ) N el £ el ¥ s Y e Rl
50 70 90 110 130 150 170°E 50 70 90 110 130 150 170°E 50 70 90 110 130 150 170°E

Kl 6 2016—2025 4K Z=HI P XTI (a), T (b) A DI (c) Ak 440k B2 9 K RUBE K PR A P-4 (B, [
FORBEFEN 95% (1 0 FYERER, T )
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level based on the t-test, the same below)
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Fig. 7 Composite fields of (a-c) 500 hPa and (d-f) 200 hPa geopotential height (contours, unit: dagpm) and their standardized anomalies (shading) for (a, d)
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short-duration, (b, €) medium-duration, and (c, f) long-duration extreme precipitation events in central Hunan during summer from 2016 to 2025 (red dashed

lines in figure a-c and figure d-f indicate the climatological 588 dagpm and 1252 dagpm isolines, respectively)
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during summer from 2016 to 2025 (red arrows in (d-f) indicate anomalies statistically significant at the 95% confidence level based on the t-test)
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