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Abstract Based on 176 meteorological hourly precipitation data over mainland of the South
China (Guangdong and Guangxi) and monthly reanalysis data from ERAS (European Centre
for Medium-Range Weather Forecasts (ECMWF) fifth reanalysis) from 1981-2020, and
applying the objective identification technique for regional extreme events (OITREE) and
synthetic analysis, this study focused on the temporal and spatial characteristics of regional
extreme precipitation event (REPE) over mainland of the South China, and further analyzed
circulations in the years with high and low REPE frequency. The main conclusions are as
follows. In frequency, the periodic variation of REPE frequency on the interannual scale is
obvious, and it has obvious monthly distribution characteristics with the peak period from May
to June. In extreme intensity and impacted area, the intensity of most REPEs in Guangdong and
Guanggxi is about 130 mm/d, and that of few events exceeds 320 mm/d, and the impacted area
of REPEs shows a significant upward trend (~310 km?*yr). In comprehensive intensity,
comprehensive index Z shows a significant upward trend (0.05/10 yr), which indicates intensity
of REPE has a significant increasing trend. In the Greater Bay Area and northern Guangdong,
the annual accumulated precipitation of REPEs and their contribution to annual total
precipitation both show a significant upward trend, while in southern Guangxi, they show a
downward trend. For years with high REPE frequency, there is significant water vapor
transportation and the intensive convergence of whole layer moisture flux over the South China,
while for years with low REPE frequency, there is relatively weak convergence of the whole

layer moisture flux divergence. At days of normal precipitation events, South China is mainly
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dominated by weak southeasterlies at 850 hPa, while at days of REPEs, South China is located
in the southeast of the cyclonic circulation, and is affected by strong southwesterlies.
Keywords: South China, Regional extreme precipitation, Objective identification technique

for regional extreme events, Large-scale circulation
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FEABRARIE T 5T, Mo /K S (R s BRI RO ey,
SR VA ST N B R, AR, A AT R E
fifr (IPCC 2013; Chengetal.,2018) o #HGuit, H I RRAF DRI AR iy B4 /K 1T 3 B (1) 28 5F
14 E=% 1000 1276 AR (China Meteorological Administration 2017; Kong et al.
2017) o DA, st A s B K AR ORI S B L R m . AR
ITAER, AR i 5 7K S PR AR 2 81 _E T 3% (Pan, 2002; Wang and Zhou, 2005;
Zhai et al., 2005; Cui er al., 2018; Wu et al., 2018; Yin et al., 2019) , HARuPFEKH
PR AR S BA B B R X ZE 7 (ARHTE 55, 2009; Li et al., 2016)

E M I B K A b, DX S B i B /K S5 (Regional extreme precipitation
events, REPEs) 27 f AR FFELIf A I Bk S, 2 S BOE R B A1
AEE BRI F I RA, B0, 1998 #£5 2020 FHIRITHUSRF R B CBIllAT
/K H, 2008; Fu et al., 2022) . SAWIFEY, H 1950 FLK, A E XK
s SR SR R AR I CERERAEDE, 2012) o B A= 5L T2 [ Al
I ) SRR T 22 ol DXk Al o P K S AR 1R 5925, R 434 T REPEs 178 [H]
AN TEELEE . VEILAESE (2014) 8 SCXIORPER MR 2 R S04 04 5 REL S R B
AT 10 AN A H BE K R S0mm,  HARAE R K MY 5 A i 20% 11
b ZTTEEE TN AL, B (AL 2 & K k. Chen and Zhai (2013)
7t DX I 8 A i P /K SR E R 1) 7792 (Regional persistent extreme precipitation
events, RPEPEs) , Jadk i §ufi [ B /K i 50mm, LI A] £/ 8 & — R 1 Bk
B FAE, PR B 3 ANl s R A ELIRIPE RS /N T 5° AR SR 12050
AT A (RIS RS, (RN BN E 4, HS8UR & R TR Frit
FUMIX 4. Ren et al. (2012) #&H—Ff kT~ H B /K HicHs 1) DX 3 P AR o 42 (14 725 A0
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1

P 7772 (Objective identification technique for regional extreme events, OITREE) ,
TR IR HAZE B TR 50 E H X ) REPES (Zou and Ren, 2015). iZ 5 iEANMUA 34
2 EE T A 1) AR RIS TR S, HLwT DUIE F A ) DX 3 P A ot B 7K SR 031

ERFHL X E N E = KN X CERHLIX . A X R KT 2 —, #Em
Nrvtm R, REWNRGER, ZFERRGRLW, ZHX PR, %
W RFERE (WIFE, 1980; BAEMESE, 2004; HRT 2%, 2013) o Hl, REX
T X AR B K SR RO BIE T LS T AN DE R, B EA BRI AT 32 B A 0
T Bl i e 7K A B K B2 %5 (Huang et al., 2009; Li et al., 2010; Chen and Zhai, 2013;
Wuetal.,, 2016) BAMIIRETE (FMEAEFIRLEME, 2000; ARBREESE, 2017; TR EHE5E,
2019) o VEVLI5ZE (2014) BFFE 1981~2011 £E AR b X X I 68 1 5 R AR
RIZH X X IRAE & KRR B W 4 1209 E RO T = Bt m R LA A
FF R (WAL T8 @E A7) o Livetal. (2016) 4 1981~2014 EHERHE
XRFEEPE R FAF5r N 3 38 (SC-A Y. WAl AE) ZRIIG AR ILEE: SC-B Y: W
WAE] ARM]TPEE AT SC-C B WA (E) PUILEBHLIX) o FMER (2018) &
I 1981~2016 ARG VI DX Sl A ity I B K Ak (9 A Ak B B3 e el BT
50, HECEF X ERGHLX REPEs HIBE TS K ZAFAEH SR —RR P, Bf 2
AP IR 20K 52 U REPESs, KXt T 1% H X REPEs 5 & FRAF (R AEfE T E IR -
NI, ACHET Renetal. (2012) $2HH)Z E 3K REPEs 1)) /5% OITREE, #|H]
1981~2020 4F3% 40 SRR (5~9 H) B/NRFRKEEE, 51 7 S X %t
B[] REPEs, JF UL RGN T MRS & DR AR I 2SR THRHME, LK
REPEs i % 4F 5 /D4 KV HIERFAE . IXAAE— 2 R L IRAL T X e R
[X REPEs VAU IR, B 5 a7 b o e g b X (0 B W 9 56 o 3 Ak o
HOR R T RLE 3

2 FERAIFE

ARISCHTHBERAT T ARHIX 176 ANE K H 8 Sk 1981~2020 4F 5~
9 H B /N K BB A W Fh AR S TR R (ECWMEF) 1) ERAS FE90 7 H
) 850 hPa /K~F- 3%+ 850 hPa i #A gy M Lokl TH T L 20 Z4
A R 2 R IR ZERL (300 hPa-1000 hPa) F1 H “F3HE43# 850 hPa 7K F X%
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gokl, ACPEAHEER 0.25° X 025° .

Z7% Fuetal. (20160 # 5 X A7 7778, A SCEEER W HX (20°N~
27°N, 104.5°E~118°E, K&l 1) Byl AT L EF X i) REPEs i 4 AR LKA o
FEFIF Ren et al. (2012) $2H ) OITREE 7514 ki1 REPEs i, Hf /N Bk ¥
BHEBERGE H oK R (AU 00~24 1), BUR BB T #5235 T2
FORHEIFI, HARMIRBITE T .

RS Ren et al. (2012) $EH ) OITREE J5ik, {EiRJ|Er X REPESs
I, F R =A% A

(1) JJ b Bt B 7K 75 AR /K CH BE/K B =R95) o #5553k 1981~2020
F5~9 FHBEKBRE (0.1 mm) WNBIRHEE, EHUFFIRIEE 95 B ArfE
(R95) Atk KBE (B 1), 5wk i3 0 Bk S I 1zt S B,
Wk sE A — AR K S o NIy UG Y, AR X i ol s M A I 41
mm, XT3 5 B AN 55.8 mm, A3 T ERS G E LR
HAF BRI

(2) T 78 AR PR R X O A X S R Y o 24 506 & BBl 200 km G A 23 /0 1
b I R A (1D BRI K, LBl S i bl (LA HE I AR o B K PR3l R
Hly, HRH I 200 km 6 B Y HH IR 3 2 K PRt UK, SRS BR BA 200 ke J5 FE 9 A2
W SHD =02 B, B LAZSE ORI IX,  HA O us FE L 200 km 18 LA AS
R ORR XA, JRE— PR E— KRR S E SR =04 WX S,

(3) SR EDELEPER E o BRI R KA (1D A (2) Ayuh R, AHAD
P H S E AR KT 0.1 HE NIESL. Fraif kT4 T RIS e N
RPEPEs, ARIEF|W AR LA R A N AERF S FEK A

EEXDH R LA 26 REPEs, ASHF FOI S SR A2 oK & T 25 mm 1)
HEE NIZIKEF TR (Chenetal.,2012) o AHECT 35 S 30 545 2
URCMRTAR, SRR RO BR AT U A G . O T RN I R T AN
M, ARSCFI Cressman W4T 1572, e 176 ANl it 1) 7K Bt 46 2. 81 0.25°
x0.25° [IH% S (Mastylo, 2013) o FFGEE LS 2 & S 80, 75 =25 mm 1)
Yo AR

Ikzmlkt (1)
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k A e sy AARFA WP SR OE, L NFFRE R, oSl R
FEER I TR, BEASF AR s T AR A H s TR i R4

REPEs 5% 178 3 A5 FA i T2 h (0 i e K /K i 8 SORMRIR SR E, VL
AR (2) o WA, ARBFFE AR BL4E REPEs I Sl R K& &
HHRRZR S KR I T, LA (3D M (4) o FIH XA £ 40 9T 1981~2020
FEAHIX REPEs MRS . IR, FATHE S IX 1 i e K A2
s, HFEEAE REPEs XA, EBCh ES R R E RN FE4 bR
#E (HBEAKE=50mm) , FIFH# S8, 1HEAE REPEs s~ 1 H Bk Sl it
50 mm )RR R RAROKE (R RARKED R IR R KR b
fE.

E =Max(Ty) (2
A-ZEL o
R=A/T (4)

ERERFA NIRRT, NIRRTl QK E: 4 fRFE4gm T
(¥ H K Sl 50 mm BB 2R B K & Tw A2 R H K Sl
i 50 mm MRS HEKE: k¢ B j 3 BAREREFNT S . FRELI R RIS, A5,
i ARFH ST TN | RIORERE R KE: R N A T E.

TECL BBt b, T SRR AR, AT NGRE RS Z, 1
WA (6) , ZIRES L =ASH, AR, Moo X m A AH
LT Renetal. (2012) #EHMLEAIRE (SH LIRS IR MomsaE . B
SRAE. HOKTAA RBGE I , ASCE LSRG TREE L T 240, (AR
R B R . SRFAZEGESS (2014) B SH oA ik, Bk
BT : B4, 20 E =TS E0ET 10% KRBV FE R SUE A 5 o
HHUERM L E . R, SRR K-S/ MRERRITE (A (5 ), =AM
FAE A AT IH— A, BER%00.53, 0.13 1 0.1. e, T =ISENN
KGR LR G T84 Z.

X'=(x—min A)/(max A—min A) (5)

Z=053D+0.13E+0.1  (6)
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x AR SHT 10%FF RIBUE AT G S FAFEBUE A L x 0y x 8 i K-
/INRAEAC IS B X TR [0, 110 fEL ;s mind AERZE 10%H4F I BE 5 S FH A 5E
AN LG EE 1) e/ ME s maxA FREFRSE10% AR (0 BUE AT & 8 SR e AN i L Y
RKME: Dy Ev 13 RIS HEAL 5 (K3 RF 2 Ta) L A s o B AT 00 T AR

KIEFK T LB/ (Ensemble empirical mode decomposition,
EEMD) (Wuand Huang, 2011) 75750 M AR B0R AR RRAE » 205 VA E B
WS ARME S P A I AR R A, B SRS 43 i 7572 (Huang et al.
1998) 73 15 HhAN[R] (Y B[] RUBE, W R B2 A U7 il 7 cheid, e G TS TR &
WA (Wu and Huang, 2011) o IHbAh, A SCE R H 5 I ISR AIF 5 3 — o B2 1) [X 35§
M i B2 /K A AR R o Ao [ /K SR U 2 F8 KT B &6 T — AN BfE
HH I VK 1357 ] B B T, D g e — i FBF 11 DX sl B i e 7K A2 A AR A6 PR 81 48
AR N —18 (Reces,2004) o 7EIFH BN, KA Weibull HAE 73 A ok Z06f
FAF IR HEAT IS (BRI, 2008)  FEFRNFL 73 AT 1, D 7% LA L X E 2% REPEs
55— R BRI ZE e, RSO AR X — R B K R B0
1 AN 5 Bk H KB R T2 T 0.1 mm H/NT 50 mm (R K S, %58 XS
%7 EA R R E RN IR ME (HBRKE =50 mm) , Sk T RN S

3 ERar

3.1 FpEERT A 53K

5 F iR REPEs & 3, 3 24 Hi [X 1981~2020 4= 5~9 H 3t 672 X REPEs.
Horpr, JERREVEHAAT 520 Ik, FREEMEEAAT 152 0 QBT EE 23%) o RR4k
VESEAF R RREEIS 8] —MAE 2~5 R, HARRBUR 2 RREE 2~3 RIVEHEMT (R D,
) BRI 91%. B 2 4 i EEg X 1981~2020 4 5~9 H REPEs
BRI PIAEARAY o R AR HE A BT A2 A4 9 2001 48 (28 00 2002 4F (27
O F12015 4 (25 %) o 1981~2020 4 REPEs A S EIHES, HIFAR
F, FIHEEN 0.34 W10 yro N T HFFAZAKI [H ARG I 32 2, SR EEMD
TTER PRI (8] AU BEAT T 70, FFREATZLME PR AR, 19 3 I A A LA R 2
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(Intrinsic mode functions, IMFS) HMIAHM LR AL (14 3) o IMFS 25
A FEIRIEAS R AP, 2l RS S 7 A M E g RS 2 )5,
M 256 L2573 R AT 5 AN 1R ROBE BRI SN R 3538 4% 7 fidt » IS 2 A /) R
JERIEAE P, 7T DL AN [F) I 18] RO B R iE . BT 3 ATRUE H, IMF 70 &
SNBSS 0 ERG K MES. Hd, IMF 55— & iR &
IrE, JTETIEERN 60%, FERTA R RIER R, JF HAE 2000 FELUG, A
RIEF; IMF 55 50 B RRG FIAER AR R, J7 2 0Tk 20%, RIEA XL
/N, 20 228 90 EARBART RS ECR, MR BahES . MRSk L AT LUE i, BT
AN IMF 28 BEEAFKEEN GHL 95%EERE) KkshEY (IMF %—
HNEE oy 5oy 5l RV 4yr AIAE Syr I FEIIAMERFIE) |, RIFFAIRIE PR
JE BRI SR BN, HAR E 2R B — AN i & T iRE 1 .

1 1981~2020 4 5~9 AR HIX i H KR (=0.1 mm) 5 95 F 70043 [\ 734

(mm)  CEEER Y E R

Fig.1 Spatial distribution of the 95th percentile of daily precipitation (above 0.1 mm) from May

to September over mainland of the South China during 1981-2020 (units: mm). The Greater Bay
Area was outlined in purple.

2 1981~2020 4 5~9 HAEFG X REPEs (Regional extreme precipitation events) #ii{KX
MIEEAAL (SR HLMGES R4 (BhavE&ias a0

Fig.2 Temporal variation of the annual frequencies for the total Regional extreme precipitation
events (REPEs) from May to September over mainland of the South China during 1981-2020.
The dashed line represented linear trend and its formula was shown.

3 (a-b)2& T EEMD 7} fi# i REPEs S (8] P 5IAS R BT BT P IMF 208 (e-d) AR
ILLMEFE RS (IR R 2R FNZR B 2 70 I ARER. 95% 1 5%(5E BEZK s AL SR ZRARR A I R 2104
Py BSREACERBR A )

Fig.3 (a-b) The first two IMF (Intrinsic Modal Function) components of the decomposition of
frequency for the total REPEs based on ensemble empirical mode decomposition (EEMD)
method. (c-d) Red noise test for the IMF1-2. The blue (green) dashed line was 95% (5%)
confidence level. The red solid line indicated the added red noise. The black solid line indicated
the spectrum for frequency.

£ 11981~2020 4F 5~9 H HEFg M X A [F] FF L} ] REPEs 4K

Table .1 Frequency of REPEs with different duration from May to September over mainland of

the South China during 1981-2020.
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AERFS RPEPEs

REPEs 2 K 3 K 4 K 5K

BRIR 520 109 30 10 3

Bl 4 9 1981~2020 4425 Hit DX AN [F) R 82 ) 18] {9 [X Sel M AR oy A ALK 5~9 A
e ATLUEH, HAR AR, mRNBON 5~6 H. dERrEM RIS
B ATRFEARL, e X REPEs =R ARRFaEESE 5 3 Sbf. Xt
TR, BT RS, BUSRED, SR EHIE 6 A, 3t 52
W, FREVERTIIZE 5 RUL RS R 3K, HBILE 6 A8 A, imdkfrakit®
PREME B S H, JE 155 K.

4 1981~2020 4 5~9 H A RgHLIX A A FFEE (5] REPEs (19 ] ik
Fig.4 Monthly frequency of REPEs with different durations from May to September over
mainland of the South China during 1981-2020.

3.2 v i AN RARGR A

NT MoK R4, ETARK (2, AHE TEAF R
JEo K5 4 1981~2020 EHERIHLIX 5~9 F DXt Al s S A1 A [ B8 S i 2 (X 1]
RIBTIR I3 AT o RS B 2 )5 5 [X 18] [ 120,140) (103 %) , [100,120) (87
O, H[140,160) (85 KD , THREAE 320 mm P ESEAFIRELL, Wi
JE G N 60~640 mm.

Kl 6a 2Ny 1981~2020 FAERIHIIX 5~9 F AN[RIRFSEIT (] i X 3ok A ity = A4 11
Wevi s BE 43 AT . 2 R LA B REPEs i 3 B 1) s AL kS 200 mm, Horr, 4
RULF ¥ REPEs, FPmf i, s A 8oas, Xrlae S KRIER RS
s A 2%, HE0FMR AT 570 mm, o KHEEHN 636 mm. X T JEFF
G, R SRR KRB RS, KRR RG NI r] REESS, HIEKM
S H AR e 2 W) — e W s P /K SRR AT P AE R ARORUE s e 85 A 0L B A
fltnmg X &R (B Lhags, 1986; MHETTSE, 2018) « MARE EE (E6b) ,
5~9 & H S EH R @B o A AR AL, foRAE Y 636 mm HIAE 5 H, R
WREZ ML S ARl e A, Hoiid 500mm MIREEEIITE 5-6 H, UiB4ERET
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I 5-6 3 43 2 Wi REPEs H 9L B2 B . st P 82440 &, REPEs 7E 7-8 111
SREE R (B 6b) , (HAIRMIELT 5. 6 A (H4) o AT HEHEEMS
(RSt R] SR, Bl 7 45 H & ) AN [ 4Rp A2 e T F DX el 0 s = A4 1) o K R i
LGP0 o B B R i o P PRV R S R IR A R AR RR M A R AR AE 5 s R
A BN R BIFFEE 30 4. 5 RIGFEMDBIRAAE 6 At 7 A0 8 A
ALVEH, 5 AMKEFHRSE 1~3 K (B4, BERA T HRhHEE R KEA
636 mm FH (Rrgk 2 REM (B 7, BI 5 A RE 0 FHE RS ) B AR
R, BRI SR A R, 5 H AT ETIUN, XRS5 EIGEERA K, AT
RUFEBE TR REE S A, BAEFXERY, BKRGMERKE, £
X (%K 5RESE (Wang et al. 2004; Luo et al., 2013) ; 8 A ErE: 1-2 K H Atk
i 548 E ) EU OO, X AT e 5 G SURE R O, A RIF 8 3 W) iy AUJE 51 R P T T e
PERM TERAEE S H (FHESE, 2017)

Bl 5 1981~2020 4F 5~9 HHERjHLIX REPEs 7E A [FI A% Ui 56 5 X [] A ALK o3 A1
Fig.5 Distributions of the frequency of extreme intensity for the total REPEs from May to
September over mainland of the South China during 1981-2020.

K 6 1981~~2020 £ 5~9 X (a) AFRREENEIFT (b) 7% ] REPEs Hdi 55 E )
G ER R AREREE 75 (Q3)MNEE 25 (QUE /MMl A LMREHNE: ik
[Q1-1.5%(Q3—-Q1) M [Q3+1.5x(Q3-Q1)] Eiiul; ZANEINLA+ T/ SR AEHE
Fig.6 Boxplot of extreme intensity of REPEs for (a) different durations and (b) different months
from May to September over mainland of the South China during the 40-yr period. The boxes
indicate the 25th (Q1) to 75th (Q3) percentiles and the red line indicates the median value. The
whiskers indicate the range of [Q1—1.5%(Q3—Q1)] and [Q3+1.5%(Q3—Q1)]. The red crosses
indicate the outliers which are outside the range of whiskers.

K7 AR 452 I [B]REPEs B KA S 9 B2 H) H 4370 A

Fig.7 Monthly distributions of maximum extreme intensity of REPEs with different durations.
FH T RPEPEs [HysZ M /e Hh X 0 5 A XKt 2 57, J& T Cressman 00453

B g ARG B HRE s R R AR (3~4) , ASCHHE T8 S S BR%

KK e, FFE— D i ARG AR X BRI Z R . 1B 8a y 1981~2020

FAERMX 5~9 H XM H 0 R KES . aTDE, ETHEH
AL 90% 15 KL a6 ) X 3 32 B B ROVE X B8, T A B AL IX AT Y
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BACES, R IAE 90% 15 BRI A X 38 32 TR TG R RN TR M s B A
HuIX, FHH 1981~2020 4F 1% Bl [X 11y [X 380 P AR ity A4 R AR K ZE AN 7] 1 X 422
AR R EEF N, H BT 3 i s (7R SRS X L, rEH] Tmm/yr.
N T 5 BT REPEs ¥ B 7K 6 & B /K B0 o B AR AR o, ARSI T
1981~2020 4 REPEs AR [K L S FEKHTELBES (B 8b) o /A%t & 8a
KL, BT E KT 90% 1 ¢ K656 I DX 38 3 T BT X AR b
IR IR A A, Eem E AR 0.05/10 yrs N RFEHIE 90%(F
JEEAG 0 10 DX 338 A= S 1 L i bt X RER 35 0 2 i ARG, S {E mTIA #) 0.04/10
yro SEAbh, B 8b BT X AR it Bk K S Xof e B K R A AR B R B R .
P by BT TR ALK A1, R R 43 b X DX Sk R o A B KT R B K [ BT
(NSNS

81981~2020 £F 5~9 AE R X XN FAF K () RAEAKES (B2 mm) Al
(b) TR G F BRI E S (BN /10y A CRERREDNEHBINE X &
FIARGHaF I AF K 90%IH t Frd)

Fig.8 Spatial distribution of trends of (a) the annual accumulated REPEs precipitation (units:
mm) and (b) the ratio of that to annual accumulated precipitation (units: /10yr) from May to
September over mainland of the South China during 1981-2020. The Greater Bay Area was
outlined in purple. The blue diamond mark represented the trend can reach the significance level

2

3.3 MBS HEY Z

N T Mt REPEs HISEMASE ], FET AN (1), ASCHE 7RS4 H K
S 25 mm KR AEEIEE. B 9a i 1981~2020 FFAEFHLX 5~9 H X
A s 2 A PR B A T RS R TR R AR Ak o 1981~2020 41 A 25 42 F T 459 5 i T LA
170800 km?*. ZEMF[A] 734 b, SEMa A BOR I S & AR AE 20 4D 80 AEAR R,
90 AR A, 21 40 00 FEARAK AR 10 AR Somm AN R AEAE 20 1
20, 80 AFEARI . FAHy, FEma AR B K 3 A 70l K AR AE 2008 4 (~230500
km?) | 2013 4 (~219700km?) FI 1981 4 (~215000km?) , e /M=F R AELE
1991 4 (107600km?) . MAEIEFHKE, 1981~2020 4F [X I b it F A R 520
AR SR K BT &S (<310 kmP/yr, JEIT ¢ K56 95% 5 KK .

N7 43 Bt REPEs Aty 3 FEE AN FEIANE 2 (R 1)2C &, 1] 9b 45 He oAtk il o i o
A 52 1) TR AR PR 80 A5 B A0 AT o B B A0 43 AT AE A i 98 B ~120mm, - 5% 1 T AR
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o NERMERIA SR RE (Kb , EEARmALHERR (EHaAELE
FEKF- 95%IP) t A58 3R BH A M v e P bk, SR T ASUER K

K19 1981~202045~9 F 4G L X REPEs (a) sZMyu [l 1AM (SR2k) KL IEES (f
24 (B AR NEIEEH AR (o) B 2R 500 1 BV T A (R
RHUO

Fig.9 (a) Temporal variation (solid line) of the annual impacted area for the total REPEs from
May to September over mainland of the South China during 1981-2020. The dashed line in (a)
represented linear trend and its formula was shown. (b) Extreme intensity and impacted area of
REPEs scatter density map. Colors represented frequency. Colors represented frequency.

HH TS B R ) . W o B B Y T 5 2 e hs, O T o iR
CEATRIE, ARG T AT Z (A0 (6) ) o K 10a 4 1981~2020 FAE R HE
(X 5~9 F DXtk il oy oA (KB - PR 25 B Fa B Z B4k . FAF RS Z 4853 %
ALIE FR-0.4~0.6. fEFAF AT E, Z FEEEECRIIFGT N 1994 45, 2008 4FF
2013 4o WA KE, 1981~2020 F X PEM i FAF LR G185 Z RULEE
[ EFHEa% (0.05/10 yr, B ¢ F5 95% (5 R .

N7 4rHr REPEs [ D7 st ] CRIK T 5l 85T 348 500 2 vl e Hh I — IR )
SR EBEAFED 2] Z FRECECKHIRT 40 IRFHEA AR (B 10b) o A
FREUBGR M REPEs S0 L 2R AR 6 A 7 H o 2 43 WA A AT 40 IRFAFHE
SRR EII . Hor, 5 @I X A Z $RB0A ) 173, 10 4
—IENIAF] 2.83, 40 F—IENILF] 3.32,

2 2 REPEs ) ZHR%0 M) e ST

Table.2 Index Z for climate return periods of REPEs.

A E DY
2 4 5 4F 10 4F 20 4F 40 4
VA 1.7341 2.5098 2.8326 3.2319 3.3178
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Fig.10 (a) Temporal variation of the index Z for the total REPEs from May to September over
mainland of the South China during 1981-2020. The dashed line represented linear trend and its
formula was shown. (b) First 40 events in the ranking of index Z based on total samples of
REPE. Color indicated the index Z. The number in the rectangle indicated the frequency, and
the default frequency for those rectangles with no numbers was 1.

3.4 REPEs EH/KRHIZESHRYE R

Nik—F [ fREFHLIX REPEs FEAAFAE, 1% BTH REPEs, € XHrifE
5 REPEs SRR T CUNTD) 1 IR NmZE (D) 48, RikPkik iR 2 44
1993, 2001. 2002. 2008 5 2015 4; /D40y 1988, 2000, 2004 5 2012 4.,
MRS FAR AR 2 4 5 R4, FIF] ECMWF ERAS HHTES (59 A) )
OB, EH0 2N SRR ORI E R A E B B IETHEAR 2 5 > M 26 .

850 hPa (I T W, MIELT REPEs FH{F /b4, 78 FH1F 1 2 4 175 v
SR, HAERE X AR A TR, BRI dE 7 A 2 <E ek (ERgD , wl L
B R B E R X, SRR IR FEER, & R K S 2 .
TR B R B ROEEF (G E 40 SERAURDS) (B 1), ATRA
B, TEEMREZ A, SR K M X O T M KUKVR iR A X (gD, Hol
2 KB R AR (B 1) o TES R/, SRR TR IX B A
T R KK PRI KB X, (E KRR S AR B 22 4/, HOKVROE =AU 2 IR RE T,
BRSSP mE8 (B 11b) , KRR D o 750 2 A8 A i 04 10 B R 7KIR
WEMLHBENEE L (B o), ERKE X A TRREEES X B
SR TE R KUKVR I IX GEIE 0.1 SR , R T HHmAE, %
DX AE F A 22 AF B AT S0 50 1 178 m KUK ik B 2 /KI5 & o 0 i i R AR
REPEs fii/b 45, PEACT-PERI A = TS, AR T 7 g KUKk (IR .
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JEIKIRIE R (Fiks B07: kg/(m*s)) ARV EEE (PI528E45 s 507 kg/(100000*m?*s))
ZEAEI AT AT R ARIERL 0.1 B E PR .

Fig.11 Composite of the water vapor flux (vector; units: kg/(m*s)) anomalies and divergence of
water vapor flux anomalies (shaded; units: kg/(10000*m?*s)) at years of (a) high and (b) low
frequency of REPEs during warm season. (c) The water vapor flux (vector; units: kg/(m*s)) and
water vapor flux divergence (shaded; units: kg/(100000*m?*s)) difference in the whole layer
between years of high and low frequency of REPEs during warm season. Dot areas denote

passing the significance test at 0.1 level.

DA_Fo AT 5 (1 F FE W 78 REPEs i 22 4E Al /D 4E (KRS E 2 5%, 41
Ao H 1 KIRA REPEs BEZR R AESURIIFEN . O 1 % LR i [X % 2= REPEs 5
— MBI PR FA IR ZE S, ASCIRYE REPEs FT A Ao F1— B K FE44-A 41

CBR 2/ 1 Al i Sl H KR T4 T 0.1 mm H/NT 50 mm (K
£, FH ECMWF ERAS F§73#7 5-9 H ) H-F¥J 850 hPa X7 fr#mEln 5
BLo 5 i REPEs H FI— B /K H (16 Bl

12 45 T H b X P 2% REPEs. il /K S+ 850 hPa X7 fr#
JZ S RIS ZAE S 1 G AT B o 7E— K, mifEdbEt s RS, HErgi
DAL T A AL, Bl 55 v oA i, 8 SO 2R 7 U2 i g X (1 12a) o
XF T REPEs FE7K H, A P8 BTy — P B - AR ) (IR A, R IX Ak
TAREAE R, R e X CKT 8 m/s) M, 1X A | T4 pd X 1 7
FE KUK IS %, & % K2 (B 12b) . REPEs 55— %7K H 850 hPa X
Y\ = ERZEE SR, KULDART H X S e v S R it ], SRR X AL T
PAETEI RIS, B E VR G GEI 0.1 BEMERRD (B 120 .
DA SR B AR T — MR B B K S, ARG b X REPES {7 TS BE M PR I 1 AR 7 3
52 3| W 52 PR 7 P DX TR KA T S0
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REPEs 51l [# /K1t 850 hPa K7\ i FEAZ A /0 GREHIRIX R A )il 0.1
SEVERL: AT R R A I KB 0.1 B EVER: S AE 0.1 WAL
Fig.12 Composite distribution of wind field (wind barb; m/s) and geopotential height (blue line;
dagpm) at 850 hPa between days of (a) normal precipitation event and (b) REPEs during warm
season. The wind speed in blue shaded area is above 8 m/s. (¢) The wind field (wind barb; m/s)
and geopotential height (blue line; dagpm) difference in the whole layer between days of normal
precipitation event and REPEs during warm season (yellow shaded areas denote zonal wind
passing the significance test at 0.1 level; dot areas denote meridional wind passing the
significance test at 0.1 level; The geopotential height failed to pass the significance test at 0.1
level)

4 BEER

ARICHET WX 176 A E K% H 3Gk BRI 1981 ~2020 4
ECMWF ERAS 0 # H-F¥) 0 g kl, KA OITREE. &KS57715, Wt 14
FIHLX REPEs HIN 25 70 AR, FF 0B 1 FAh 0 22 S/ 4 IR RURAE, IR 4L
I SK R X DX Al A0 i R K A R A AR i R AR A R P R Cfg
FESREEFRNS b, ARSCHE B> AR R Y 320mm/d, 31X b FE Bt ks ok T
TERE—E S, Mo, ARSCIINRI Z F640, 7T AT DX 3P A ity
LRAORIE) 5 Xof B ven ] A B [XORE AW s e K A B0 TN 5 T B ) B R
o

i3 OITREE JjE3Liik th 520 IRARFFLLIESAFAN 152 RSP B
FAE RN, FREME A RREEN ) — B AE 2~5 R, HARBGR A2 2~3 RI$H
i, BRI b RO R AR BON B B (XRT e R i 52 2= XU AR B
AR, HENEWT (K 5, ErifonlEK 08 mE (D) ) (TR
BT, 2011; FKAE, 2014) , mRR BN 5~6 H o HERIHIIX K5 REPESs 35 /% £
130 mm, B/DHAGREEH 320 mm. 7EHTA AN FERFSEN P EE R, JERRet:
F SRR SN R SR H SRR, RrsE 4 RUL RIS & H BB AL
§5. MFZIYEHEISKRE, REPEs M2 £ 8% FAEH (<310 km?*/yr) . HIf
JE A (R A s R OK HL 58 B2 58, A6 R X 1) REPESs = 22 52 A ity 7 FE A1
ST AR F £ 5. REPEs b 48 g b [X 3k B 52 M0 A B S8 1 [X ek 22
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FERIE X KT ARG, REPEs 1) 2R K R HAT SRR DTk 2 2% EohE,
MTE] P X, P 2 T,

ERF TR AR HhIX REPEs [HURFSEAT (R, SRAE. Somvu e B, A5
LRETRE Z RIS ISR G TR . WEFC ORI 1981~2020 4 DX AR 3 =414 (1)
EaTe Z BHLEER ETHES (0.05/10yr) , Hrh, 5B R X R
PRI Z $a 80k 3] 2.51; 10 FF—1BNILF] 2.83; 40 F—1&iLF] 3.32.

FE « AT 5 SORKIREIE R T 50 P K S R R Ay RS (W
5, 1980; T —iL, 1993; HHEixI%E, 2009; BEFLIL%E, 2009) o M2 45
/AR S K YR8 B R KO B U R IR SR S R M X AE A 22 47 B 35 (1 T
P AR PR B 8 2K PO B A 4, T A S O 2D A 28 2 /KA B R 2 TR R T
AR A PS8 . MHERIHIX REPEs 55— /K Fi44: 850 hPa - B IAJiHE
EKE, MK, R AT 394K NIX, it REPEs BEKH, £/
M DX A TS PERR R AR B 0, 52 3 BH 55110 7 R XU XU A A 52T o SR T A P
DX R o [ K A 52 BRI R AR R ARG semd, dREEChE R (WS,
1980; Liuetal.,2016) , ASCHZYIE M 1 i te i [X REPEs () 3 2307 ]
THRHE, EEARmEFARZ, BARRKISEmLE] L &2 — PR
Ub4t, %HX%F REPEs, JUHZRFENERMEM (RPN, SRER) , K4
PUBLEA Ryt —BIF R FL . BEANRRFER M, R 2 £ S EMRIRGEAL M
AT (Markowski and Richardson, 2010) , M BE £ 5 & BT 70 R 2
R (VAR LB RN FO IR A AT Bt . Fuetal. (2022) WAL T ARG HI X FF4E
VER N YRR = 4EBE RLIRAR, R I T M X IR R 1 B W 2 — el s 1) TR 2
BRI R, HARNRREEF# 5 R ERELE (A Rt E it s
B4 FRAERE] . AEASC O IE M IR B, R BR R A R
i DX AR P 7K O AEHFFALER, AT SRS e 28 R 1 BE A AR
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522  to September over mainland of the South China during 1981-2020 (units: mm). The Greater Bay

523  Area was outlined in purple.
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529  Fig.2 Temporal variation of the annual frequencies for the total Regional extreme precipitation
530 events (REPEs) from May to September over mainland of the South China during 1981-2020. The
531  dashed line represented linear trend and its formula was shown.
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Fig.3 (a-b) The first two IMF (Intrinsic Modal Function) components of the decomposition of
frequency for the total REPEs based on ensemble empirical mode decomposition (EEMD) method.
(c-d) Red noise test for the IMF1-2. The blue (green) dashed line was 95% (5%) confidence level.
The red solid line indicated the added red noise. The black solid line indicated the spectrum for

frequency.
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Fig.6 Boxplot of extreme intensity of REPEs for (a) different durations and (b) different months
from May to September over mainland of the South China during the 40-yr period. The boxes
indicate the 25th (Q1) to 75th (Q3) percentiles and the red line indicates the median value. The
whiskers indicate the range of [Q1-1.5%(Q3—Q1)] and [Q3+1.5%(Q3—Q1)]. The red crosses indicate
the outliers which are outside the range of whiskers.
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Fig.7 Monthly distributions of maximum extreme intensity of REPEs with different durations.

25



569

570
571
572
573
574
575
576
577
578

20°N T T T T
1045°E 107.2°E 109.9°E 1126°E 115.3°E 118°E

20°N T T T T
104.5°E 107.2°E 109.9°E 1126°E 1163°E 118°E

-0.04  -0.02 0.00 0.02 0.04
K18 1981~20204F5~9 H e pg X X IR im AT (a) RARFEKES (FAZ: mm) 1 (b)
HAFREAK BRI (AL 10yr) 40 CERORREDNEBIRE X B3EmAA
RGBS K T90% ek 56 )
Fig.8 Spatial distribution of trends of (a) the annual accumulated REPES precipitation (units: mm)
and (b) the ratio of that to annual accumulated precipitation (units: /10 yr) from May to September
over mainland of the South China during 1981-2020. The Greater Bay Area was outlined in purple.
The blue diamond mark represented the trend can reach the significance level of 90%.
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Fig.9 (a) Temporal variation (solid line) of the annual impacted area for the total REPEs from May

to September over mainland of the South China during 1981-2020. The dashed line in (a)

represented linear trend and its formula was shown. (b) Extreme intensity and impacted area of

REPEs scatter density map. Colors represented frequency. The red solid line indicates linear trend.
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Fig.10 (a) Temporal variation of the index Z for the total REPEs from May to September over
mainland of the South China during 1981-2020. The dashed line represented linear trend and its
formula was shown. (b) First 40 events in the ranking of index Z based on total samples of REPE.
Color indicated the index Z. The number in the rectangle indicated the frequency, and the default
frequency for those rectangles with no numbers was 1.
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Fig.11 Composite of the water vapor flux (vector; units: kg/(m*s)) anomalies and divergence of
water vapor flux anomalies (shaded; units: kg/(10000*m?*s)) at years of (a) high and (b) low
frequency of REPEs during warm season. (c¢) The water vapor flux (vector; units: kg/(m*s)) and
water vapor flux divergence (shaded; units: kg/(100000*m?*s)) difference in the whole layer

between years of high and low frequency of REPEs during warm season. Dot areas denote passing
the significance test at 0.1 level.

29



612

613

614

615
616

617
618
619
620
621
622
623
624
625
626
627

628

40°N

35°N

30°N

25°N

20°N

15°N

10°N

40°N

35°N

30°N

25°N

20°N

15°N

10°N

90°E 100°E 110°E 120°E 130°E

40°N

35°N

30°N

25°N

20°N

15°N

10°N

90°E 100°E 110°E 120°E 130°E

K12 BEZE (a) HilPEKER (b) REPEs850hPa A% (KA f07: m/s) « RifE
(WEZk; AL dagpm) SRR CEEEBHRZIX A RGES N 8 m/s BLE) , J& (¢) REPEs
5E @K AT 850 hPa W7, =i Z EA /AT (B EHIREIXARES M XU 0.1 B35 ke
By TR R M XA 0.1 B MR, SEyRET 0.1 BEMERLE)
Fig.12 Composite distribution of wind field (wind barb; m/s) and geopotential height (blue line;
dagpm) at 850 hPa between days of (a) normal precipitation event and (b) REPEs during warm
season. The wind speed in blue shaded area is above 8 m/s. (¢) The wind field (wind barb; m/s) and
geopotential height (blue line; dagpm) difference in the whole layer between days of normal
precipitation event and REPEs during warm season (yellow shaded areas denote zonal wind passing
the significance test at 0.1 level; dot areas denote meridional wind passing the significance test at
0.1 level; The geopotential height failed to pass the significance test at 0.1 level)
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