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Spatiotemporal evolution and attribution analysis of hourly extreme precipitation in the Huang-Huai-Hai Plain and
Jiang-Huai Plain//LI Xin'*, CHEN Xinlei', ZHOU Yibin', WANG Dagang’, ZHANG Ke'>*>°® (1. College of
Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. China Meteorological Administration Hydro-
Meteorology Key Laboratory, Hohat University, Nanjing 210098, China; 3. School of Geography and Planning, Sun Yai-
sen University, Guangzhou 510006, China; 4. State Key Laboraiory of Water Disaster Prevention, Hohai University, Nanjing
210098, China; 5. Yangize Instituie for Conservation and Development, Hohai University Narnjing 210098, China; 6. Key
Laboratory of Water Big Data Technology of Ministry of Water Resources, Hohai University, Nanjing 210098, China)
Abstract: Based on hourly precipitation data from 183 national meteorological stations from 1983 to 2018, this study
employs methods such as the iterative Mann-Kendall trend test, Spearman’ s rank correlation analysis, and wavelet analysis
to examine the spatiotemporal evolution of extreme precipitation and its relationship with atmospheric circulation patterns in
the Huang-Huai-Hai Plain and Jiang-Huai Plain. The analysis focuses on two dimensions : precipitation events and subdaily
extreme precipitation indices. The results show that summer precipitation events in these regions are characterized by short
durations, high frequencies, and intense rainfall, with spatial variations in precipitation patterns. Except for moderate-
intensity precipitation hours, more than half of the stations exhibit an increasing trend in the frequency, intensity, and
duration of extreme precipitation. Compared to the period from 1983 to 1999, the first two decades of 21 century saw a
significant rise in the frequency, intensity, and duration of extreme precipitation, although the increase in average
precipitation intensity was not significant. The Atlantic multidecadal oscillation shows the strongest teleconnection with
extreme precipitation index in the Huang-Huai-Hai Plain and Jiang-Huai Plain, with dominant 6-10 month coherent spectral
bands for both intensity and frequency indices.

Key words: extreme precipitation; hourly timescale; spatiotemporal trend; atmospheric circulation patterns; Huang-Huai-

Hai Plain; Jiang-Huai Plain

2021 4F, B0 A EBUM RS AER LIRS 1.09°C™  #R 4 w95 1& #r - 5 B 31 J8 ( Clausius-
(Intergovernmental Panel on Climate Change, IPCC) Clapeyron, C-C) #4324 J5 B2 | 16 AH X8 B 45 Hifh 2%
TEHARSUGTAR s (AR6) 8 11:2011—2020 ¢ PEARERIFELL T, AT 190, RAUBFKIRE
AR K OF R B 1850—1900 AF FE i 2 TR 7% W R K AR SR SR AR PR BEE 4 1 A i

E£WAEE L FHEVEHRITH (2023 YFC3006500) 5 e 2588 AR 55 2% 4 T %5 4 T H ( B240203007)
TEHER N 28 (1987—) , B, fl 3z, it FENFH K OKEEFSE,, E-mail ; xinli@ hhu. edu. cn

- 285 -



T, FLHG R 42 0T KPR B M W 7 DXl R 3
RUEE B Wi 7K i) Ao 2 e 28 481 2052 38 4 R AU f A2
B IR KA FR LA S my R i 2[R S 30
T IN A 2R AR A RRAE | DT X6 7K 9% R 4 e 28
ik JR =2k R Y AR A R AR B AR A
KGN T Wi FE K SR A A AR R =S
ST AR e 1 Y RS S R 2 Y G-
Ak 2 U S T U At SR T PR, R A R A
WA 7= i G ) O R T

F A, [N Ah 23 32 A e K S AR s [ 7K
TR A7 TH 220 0 g it 4 7 ARe i B FL I 25 AR A
P, WWEHRCUESE, 23K A A s 3 7K S 1Y
S AR R R A R AT 3 e
R 7K EROR AR R IR Ay 1G4 34, (HLAN [] 4t X 22 S
FE TR A X v A ] e T R ) A8 v o
IR IRTIT TR 34T, R B i B K e
At A 35° LR X, JE R A Vs b R i UL
T b DRI ey I 2R P i, ELAR S I T, AT
FHEURA 2300 ZAEREHGIEAL, T
T Bl P K 1 M A AR, i IR A8 g 1 T DX A
SR AR R AR B i, Li 45 OR T 14 S/
RUBERS i K T8 88, 23 B 1 3 1 4% I 4/ B A5 g
R s 23 AR 5 | % 3 r 0 A i b DR AR YT
DB LA R R T 1 T A P A s 2R 7K AT 3 55 5 B )
W E

e iy 7K R B 25 3 A R IE 32 1 22 PR R S i), 4
G HR (R N SAERG ) A
J3E R (IR BE R AR M55 ) ) b 52 i)
(bR ST Ak | 4 ORI O el ) T 7ER R
JERMRR G ST, 3 J PR3 2o el 28 AR e 1
FIK AR AR | BB 5 e B /K R 1 i % 5%
F S YERFRILTR 328 10752 Mo A i A K AT % 5 85 0 T
BPEERRAE 1 ST R B, AR %2 X ( East
Asian monsoon , EAM ) 7E 4F- R FIAF AR b ROBE AR R
0 R VL R v [ 7K B A B BE52 A, Nalley
sl e BRI 5 m 5 ¥ 8 (El Nifio-southern
oscillation, ENSO ) Fl K F ¥ 4F A Br #& 3% ( Pacific
decadal oscillation, PDO ) 7F & &6 3l XX} # v [ 7K EL
A REMPTER, Li %46 1 ENSO XL
SR i KA 2 S P IS R AT e s RS
VLTS AR AR KR AR

BT AT s o R BB TR
LA T, N A BURZ T LA B OCE 2,
6 R R K SR S R AR S T 12 DX T A
FEFMA o 2020 R T VT e [ e O i X
T 38 Y L SR K, 51 T R MUK 2021 4F

- 286 -

7 H IR AR T D s A LA KRN, S EU™
I N BT T K | Ll B A 2 R I K, i R
380 ANHRAET, AL TR ik 409 147T ;2023 4F
7T—8 H, mUHEEL A Iy s AR i s A K VT IR
Tt A Bt K, Bl K e T X 4 8 Ab i it
X, TEEBRAMEARL S50 ARG sh g WCE A T, 8
TRETRET B R TP S B e I T AR T I B APk K

R BN B I VT SR VT T TR AR i AR 7K s
2 AT 5T 22 T A2 H R W AR BB, s LA IS e
TR ARG 20 25 2540 5 A A B2 A6 T s () 358
S B4 L DX B ek i 9 e A T P MR T R
JEEESHE  /INEE IRUBE B4 R TR o b G AR B K A 1
At s 285, Jifi B2 e s A A =1 | AT R K G s 23 i
fhid e,

ASCHE T 1983—2018 4 183 A [E Z 4 Hh 1 <,
G LN 3 11 0 B B 7 B , DARR K =R Fn H g R
0 it AR K 8 5 1 A 3 o) 0 ity R AR R A 7 20 T
3BT BTV DRI T i N AR i R 7 ) e 28 A
feias fam S R TR R,

1 R XEES R H R IE

1.1 #HREXHBER

BRI L, BIAEIL I, B Ak 30 U7 km,
J& - HLARL [ i OF JBL, M S TR R 2T
50m, RS TR TR CRIRIEHLIX , BEE TR Az
T 22 U I 2 ), 32 2 i LR B BOR | & 2R 9
AT 24K AE 500~ 900 mm 2 J8], Hoh &
ZEfEoK b H Ik 50% ~75% , H R B DL W N Eh
B, AL, B B B K AR BRI sh R, X
AR 20% ~30%

VLWV JFOR TR VLT R A WER LIRS VLR
Jb—Hr , B ALY R 25 7 km® , EE AT HE b
M, AR R — R AE 10m DAT, VLHEF
JFAERE K&K 1100~1500 mm, FEERER S
FORE MM 20 & KB VLR RS
TR 2 KA, 0 PR AR I | B 0 B
HBEA S A 2R BAR HL K I A
1.2 HEFKIRE

BV W T ORI VL UE P R 1983—2018 4 g 2=
(4—10 J) 1932/ N Rk Bt TEopbR I8 1 b B L K
T S G I  (https ://data. cma. en/en) . A
BB 19 50 38 M SR DL A o X 55408 a0 47 0
e QBB 5 N T 1% ; @Q4FH4E 4—10 H
BB 5 He /N T 20% v HE T D5 VL E T D
At 183 A~ EZ K Hb LM 25 (& 1), ix 4k
RGeS [0 5 A ¥ s) IR ot 8 B AP X



SRARFAE , AT AR AT 5 DX /N I e 7 R Y
23 ATHAE

40N+ N

35N+

P41
o AZ
L

T WA

[ >48~138
30N [ ]>138~304
Pali=aas 200 400 km
Bl >583-1672 mr e—
1 1

120°E

115°E

1 HREBRESRERSH

Fig.1 Overview of the study area and distribution of
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meteorological stations
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Table 1 Definition of hourly-scale extreme precipitation indices
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Fig.2 Spatial distribution of precipitation events indicators
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Fig.3 Box plots of precipitation events indicators in the Huang-Huai-Hai Plain
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Fig. 9 Time series plot of regionally averaged extreme precipitation indices and AMO
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