Open Journal of Natural Science E 3%}, 2025, 13(3), 414-419 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/0ins.2025.133043

EIRTREE R M RinfEKE AT LEHER
YA 734

%
TR B R, mF B

Weks HiH: 202543 12H; FHER: 20254F4H22H; KA HM: 20254F4H30H

H E

AFRAP BRI IS R - B 720 F SR 2 B i P K B R AR A, AN R T 2 PR AN S %
B, RGBS EIREKFHNE Z5RIGERBIINH . SRRE: BRI 5G FEK5E B B
1.3%-~2.5%/decade K EEF B E W R, iy s XEIE JI R (1~3/ i) B FE K 1B A 8%~12%/°C, il
Clausius-Clapeyron¥ig Hifli, T+ R4 ERNFHBMIE, EXRXEH by EE” WRGEHLE,
WAHRTEFERIEFAEH1LSANEE, KILREEWHRENHEM15%. BESRH, ARESITRR T
o P K K B R 60%~85%, HAEESATRBIETRARKIFFKES(7%/°C)FF R HX 75%
HIBREEREK:, S AR S 20 U 1) 55 25 TE.196 0~ 200 04E K357 B /K B B 213 0% . BT BIFTHIER “ 0 - 4%
R -HE” BEEE, BEHEBARAEESKRESRENHENE, TR RSP R/
o R K AR _EF25% K R R RS AR, [BSBEESN RSB - = E/ERMERZET)
SH+15% M ERPH R . BRI KRB SIS MR R RS ARE MBUR I 2 iR
HRHEEE, RRFRBTAEGHMRRAGERNS AN THREBEBAR, BUTKSTRMERF S AR, 2
EERSBERET.

XA
EFRTR, WIRFEK, FAESHT, ERHE

Characteristics and Attribution Analysis of
Extreme Precipitation Events in the Context
of Global Warming

Zhu Yang

School of Geographies, Yunnan University, Kunming Yunnan

Received: Mar. 12", 2025; accepted: Apr. 22"9, 2025; published: Apr. 30", 2025

SCEG|IF: R, AERARRETS SR W MK S AR AE A R AT ). B AR, 2025, 13(3): 414-419.
DOI: 10.12677/0jns.2025.133043


https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/ojns.2025.133043
https://doi.org/10.12677/ojns.2025.133043
https://www.hanspub.org/

Pl

Abstract

Global warming profoundly changes the evolution law of extreme precipitation events through
thermodynamic-dynamic synergy effect. Based on multi-source observation and climate model, this
study systematically reveals the spatial and temporal differentiation characteristics and driving
mechanism of extreme precipitation events. The results show that the global land extreme precipi-
tation intensity increased significantly at a rate of 1.3%~2.5%/decade, and the ultra-short duration
(1~3 hours) in tropical areas increased by 8%~12%/°C, beyond the Clausius-Clapeyron theory ex-
pectation, while the middle and high latitude rainstorm zones migrated to the polar region, the
monsoon areas showed the polarization characteristics of “north expansion and south contraction”,
such as the north east Asian summer wind extends by 1.5 latitudes, and the number of rainstorm
days in the Yangtze River basin increased by 15%. The attribution analysis shows that human ac-
tivities contribute 60%~85% of the long-term trend of extreme precipitation. Greenhouse gas forc-
ing increases 75% by improving atmospheric water holding capacity (7%/°C), and the extreme pre-
cipitationin 1960~2000 by about 30% by aerosol. Research innovation to build “observation-mode-
mechanism” coupling framework, quantitative wet vortex anomaly and water convergence effi-
ciency of coordination mechanism, reveals the urbanization heat island effect makes Beijing-Tian-
jin-Hebei hours extreme precipitation frequency rising 25% of the local feedback process, but the
climate model of convection parameterization and aerosol-cloud interaction simulation deviation
still leads to +15% attribution uncertainty. The results provide a scientific basis for dynamic risk
assessment of extreme precipitation, infrastructure resilience design and climate adaptation policy
formulation. In the future, the integration technology of kilometer-level earth system model and
artificial intelligence should be developed to overcome the problem of hydrological extreme critical
point prediction, and support global climate governance actions.
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SR, AT FASAAAE = AN He—, ARG INBE Sk m 3 ERIC SRAE BRI £, 3 LURS #E
AR i P 7K PR v I 22 0 AR AL, Rl AR T A2 2 DRI DA AR BB IS X e, Uit
AP FE . B S AR R 5 OB AR AOM 22,  S0R o Ak K TA0 5 SR AT A R AN 2 [ 4% )=
HIAEREYE, 140 CMIP6 A5 2t #Avry b DX bR i o 7K 48 i PO ASE 01 22 57 RTOA 30%~50% [1]; H =, VA7 #fr
T B ARAZ AR (1 ENSO. PDO SE4EARBRIR ) 5 A\ ORI (i = UM A A AR L) (R sk e w47
Bz EREAARE, 2023 4 (ER) IR TR, ASSE S Ab 2R b 4 B b P 7K 3 56 ) Dk 2 2
55%~85%, H XI5 JRURE VA [R5 B2 32 PR T3 5 g A8 LU RN e i T i R R . 3 —BIFFEAM BE RS TR AL 0 7K 3L
AU R G T RN R EAR, SRS B R R IR R BT, HES R RIR AN CBLRIR ) “ it
REMEAT” AOVE AR R, X RO A A AU DO R 2 T ) LA s i S

2. ELEAL

ARRARMR T 5N B B K A TR B A BRI T, AR T U R G0 2 Rl LA T R BB AE S,
HAZ OB A BRI ST AR I 5B 122 U R R I KO A i REATL A 2 1

2.1, FAFIFM R

#J#)Z,  Clausius-Clapeyron 75 48 7 RS AR YU B BT AR BUE KA, il K
FE SRR IR BAR Y —— R FRIGIR T SR, ERZRINE] 5 KK BE 3R T L R SR Bl /K Gl B 5 L
BN, AE AR A PR SRV RS B L) T%IC . SR, SEBRBEAKARAL 25 18] 2 SRS 1 52 4% T30 1 A
TR ARZR MR T 22 AR RO RIS 51 K A 2 5 Rossby BiF sl , il B R E TS
e, E B B K PRI [R] 5 2 (RS R s 1T Hadley BRI 5K  EIFAAT B 2R 40 v 1 45 K RBEFR I
PR, WS SRR SR AR, SBFENX SRR HEREM. A, URRS
PR (1 ENSO. LK TH I 8h) 5 AN RIa (R = U R IR LA AR IR & e sy, it —b
WD T - RN A - KA AR SR, 1 ) DX i 2 i LUK EE[2] o

2.2. Eh N R

SERARNE TS 5N M B K S 3N s AL, AR RO R I LSSl ART 5 KT
EEAR AR RS R BEE R UARIREET i, PR 2R R (8 R L A LRSS 3 G X B AL ek
BRI AR RS, X — I R8I 2 i DL (Rossby wave) £ 46 2836 1 B8 51 R R AR I “ HESL4R ” J0R,
AR ARG (AR ZE = I DIWTARH) AR5 0 0 5 T SR s ok 7K )35 488 F T]—— 51l R e £ 152
HOIX ORI AU 5 ALK TS S (NAO) FU AL AR N ZUi B EL AR O [3]. RIS, Bl m &y
(ITCZ)M & [ Y4 5 Hadley PRifLHOY 5K, BRZNEI R o I R G v b ELom A ag o, 30482 XU XK YUk B
TR, MARIUON R E Z AL T 3 5w AR R 2 R A B i A A, T A
R I S A R SRy o FE TR BB S5 b, SRS 5 T XHAUR A TH 5 5% 0 A e BESE i) 1R xHAR
RIE, AR RSKA S R OTEH0Y K (Clausius-Clapeyron )5 524 & 133, LR S EHR A &L
KL BE(CAPE) ) R AR - B IR I A, A A5 R ML sk ) i S SR A A A Sk, X —BL AE B S T
JRREZ R GANE TR X R A IO R25 . Bhsh, HIEEN 4R TT SR ) 2 R AR & Rttt — 2 TR
KT DXk 2 S S 1 [4] - 7 R v R 0 AT P ) 8 sit e e R e S BRI, SR P R T ST D) AL
LR GBI T EARE UK Rk 5 RS R BRI KRy — AR SR Tt PR R, T 3 A e 27 1 1 (A 22 24
2 BRI OG0 o) A 0 ) A U P AR B, AT S MM I R A K PR S X (AR R
SR ARG EAZ R (0 ENSO  HINLARFE ) 5 A s Ia A AR, d 5 R ) PR S A IAE 5 L AT D REVE - K
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SRR IRREE,  FEIHEVE RKVURS B TE AR E N, 0 TR JE T AR DE R SR U R A S T B
KAT PRI A K 57w % 50% A L

3. HRImPEKEHHITEILFHE

EABRARSSG ARG %2 BE RIGHISEEERTT, o beK e SRR g S B, 250
SR PE DR () B RE . IR R, B 20t rhi Dok, A BRI R s A K A I i P 2 A
HKZ) 1.3%~2.5%, H o #eiy ARG X F3EIE e B35 . B, R X Bl H K & 2t iE
ik 4.8%/°C, i Clausius-Clapeyron J7 2 FJEERAE(7%/°C), T KR H 25 52 b X AR i 46 7K 2 L 1A 4 66 20
FR W, 50 F—IBM RN FA R AR O 2~3 . XFREHBE N REE FE YR, SaE
TR MM (41 GPM-IMERG) 8 75% , 43K i 18 55 77 B5F (1~3 7N ) AW sty B 7K =42 P i P 388 1 v 8%~12%/°C
(" X I I Sk 48 R ) U [5]

MRS R, MmBE K 2B “TE BT B R MRAEHE, EXIESFRE. RarEa
(ITCZ)Ws 4 5 B8 PR AR s [ K T BRI A /0, 17 P s 28 P88t X8 R 7y Tm) A 75K, 48] G A6 DR 78 9 XL
bR AL AT AL RR AR ity B 7K AT 28 38 0 30%~40% . Z=AUX USRI “Iby rade” fm il R EZFERILR
Chla 58 m AR 2 1.5 AN L, KULy I Y 0158 WY H #i8e 20 tH40 80 AEARHG N 15%, ifi 4 e AT VI
Wi B /K iR P ER I i, (H LS (A 26 R AR 4 12%. (EEE R, IR X AL e 4, 5
e 5 R T A it e 7K A AR AT 1. 206 A3 FR s 1, 17 22 35 3T L POk e 33 R AR e RSP Rl s A, TR X
Ui B K F AR ST k2D 20%

I EEE b, Al K B 2R 1 SRS R AR IR Z R . Jb kb A b X 7 KA o B K A
() R A A 43 Sl b T 22% 01 18%, 1T 52 2R %t P 4R 7K P B mi o O i B R I SEAR B R 36 0n 5 % . RF
SR K S (e 2l 5 R R 1% 7K) 1 38 K 22 (3.4%/decade) Y 3 1y T A7 344 (1.8%/decade) ,
2021 VAT g “7-207 FER TN AN 2022 4 LA HH L R IR I 2 R ARG HE I HEFF KR “HN R
IEAh, s b K R B 53 i A% J) K A A A%, 7% 18](20:00~08:00 LST) i /K DTk Z A i Ab B £ X BT H
65%, 53 TiT AR SN 1) R b St I 3 e 5 1) AH O [6]

AN TR 558 5 S5 0 1) ity e 7K e o7 SR AR 2R MR AE o 26 99 B 47 B 7K B (¥ 1 433 % (4. 2%/ decade) /&
55 90 H 37 S (2.1%/decade) (1) 18, T F1 47— (8 A o =2 P 8 P55 J4 i ] s [R] S~ 255 B /K AR AL ) 3~5 £ o
CMIP6 B TUAE R B, 5 ABRTHE 2°C, 7R W DX R v B 7K 5 B K 4 TV AL T 19 0 28%~35%, i & X
FH IR K o LU AT BE A AT 42% 71 48 58%. XAl “aRdniE. FHEafa” MBI, MESEARSE
G K G ER A N ) AR LR e L, A 5 9 TR A BT AR AL ™ IR Bk ik o

4. RimbEk EHRE 4
41 AAREZR

T S AR 1 1 250N A DX B AR i A K 3 B A% 00 AR R o Tl s LASK, CO, ¥ E M 280 ppm
TFZE 420 ppm, 5|k ARG %M, T Clausius-Clapeyron #7225, KA EKAE 1EETHE 1°C
T 7%, B3 S E R KSR B AR MR K . CMIPE AU T, R = S AR50 3 ) 4= Bk A
S 46 7K 558 B 184 0 ) DT MR 2R IK 55%~700%, oAb s Hh X IR KA N 7831, Dk B il ik 80% LA 1. fsila,
ZRAVH X 1980~2020 A% H FA/K B (RI9p) ) 34%~48% 1 i vl VA PK TR &= AARHERL, MR = 208 51 & 1
PERSFPERE M 5K, A & XURH S AR s [ 7K A (1) R AR AR 52 T 25%

NN B A AF P 3 3 8 5 2008 5 2 ol A B e R o ) ity Bk 97 o M RO B PR Bk S T
(UK 1950~1980 A HEREHY K 3 %) B K AR S 7= AR v H 08, )55 I 3 UM IR B R 3G R e 34
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T BR 2 FE AR I K G R AR = A SR> 15%~20%. ARTIT, OG0 i (A m IE R k) d
R RSB e, WA R, HRTRE IR S E KR B AR 9% R M ik B K XU —— B A
TP ST 30 AF 40 BT (<3 /NB ) B ity B K AR 38 n 40%, 5 SRR S BRI JE T S8 5 495 0.65 [7].
Ak, S - sAHEAEF (ACIE IS B I 2= B AIREE, 18K = A o i SR Bk 3, SEPEAR
HOHb X Aoty e S iR FE S AR AEIOR N B P JE RRAE, LSRR E 4 o XIS K AR Y 12%~18%.

TN EH N SO I SO R - KA R R R 0 0 R b PR KRS SR o IR T P R A A B i T v
1'C~3°C, Tl sl ARG Bl SUEESEI TTRE 1980~2020 B i /N B K S A 64 2590, Horh
15%~20% 1] I A T3k il sk SR 308 [RIRE,  KHUABER AR (40 7 S @b S AR AR 75 28 R FE 17%) %
HAEER D> 30%, HIFS AR NIER RS, 15 2 DX B /K U AR 50%, 1M i X 5 w5 2 )
DK VAR B R T 12%. AR FHREIE S A /K SCUR T 7R AN o] 240, B E 16 b R DX 3 5 38 o - 39 e
R RGBT 20%, WK T E TR T B0 P K S R AEREEE 3G N 18%.

NN SRS R 253 B ) 280 33— 20 TR AR ot B A U o Tk 8 AR 5 A e TS 1 S5 J P 20 AT (S s
AR T A A 5 BR SE vl A HE ) I8 R R A R RS R, G SRR AR RS, (A1 O KR AR A 1Y
faE 8], B, ARWHLIX “FEidbR” JRMaRth, 5 ANV 55E 28 IR 58 1 2 D)4
%, HTTHREEL 5 B A 015 T 40%. AR, AR b ) P AR A0 RS & S0 mT Rl R I 7 5 AT
N——IPCC ARG 18, #HABRTHEMIS 2°C, A Jvuien b A it B 7K 35 28 1 38 K 1 fu MR % K 42 T 22
67%~83%, FFil ETE SSP3-7.0 15 N, T4 — it MY S 05 B vT RE B BT I 0 50%~70%.

42. BRER

A5 F2 4 A AR e A B K AR B - ARARBRIE BN 2 5 B AR IRE) ). JE/RJE TR - BT ¥ 3 (ENSO)id
VRS PRI IRR I, R ARRKIRIE RS JERB AR, TERT R R A KR )
KILiEAE &, 81998 45, 2016 FKILInIE ZE /K5 il 2 56%F1 48%; M7 J& RS 14 Dl e it 3
R AR TR SORE, A AR B K SR R T 30%~40%. BEAR, K TREAEAR BRI % (PDO)YA A 5
JER VG 2 FARBRHE S (AMO)EAR AL [ [FIAE A, Aoz AL sk 45 52 2 i DU A S, S8k p e
AR iy B K AT 3G 10 35%~40%,  FL DTk 5 24 o [X 45k P /K 28 5 (1) 25% [9]

R BHE BN 5 KL S BAE N SRS s i, 38 Ik o s S P 5 e A o B KA SRS o R B B Bl 1)
11 4F JE HA 5 A TE HO DX OO L2 TR R 9 (10.2°C) R &, S EIHT R & 1 (ITCZ) 5 52 B 5%~8% (1 J&] HiE
ey, R L b 3 5 B R e A S AR A K B AR BR 22 SR SRR (I 1991 4 R 4h I ek
L) S R R 28 A IR Z R B, I e BRI R R IR 0.3°C~0.5°C, i Hi 55 Clausius-Clapeyron &5
AR i 4 7K 58 B T I B 12%~15% [10], AH X3 A N AT AEA X RRPE—— K1l G 1~2 E N, RITZRIX
DRI R KBty — e # vt L3 5, 5 Z M B /K AR RO 3G 00 20%, ™ S22 7 U BE ek 4 3 4 ) g M2 2
Vo

Mg SRR G R 1 JR M A WL ) — 235 S A o PR K P 2 [ e B 1k o B BE VA A 1~ (1OD) T AH A7 388 i 9%
RIFIRSCPE Al , MBRRE Al T 5 5 R AR 55 R D kA, 940 2019 47 10D SR S8Rk “Fim ="
B /K B SRS 3 % AL (AO) S A I Ik 4 K P AA R s IR YE H, E R 2R i e ke, 5l
R A B B 7 A& ZE R AR o R K SR (T 2008 AR 0K), FHURAEMERRTE AO SARGI RS N 2.5 fi[11]. {HAS
TR A2, B AR 2RI i) e 7 Bl AU S as O T Y 5 ——CMIP6 #5075 2°C I 5t T, ENSO
Xof A B A K AR S (1 ST RS2 T 30%~500%, [R5 il 35 A PR B A R AR g 2 i N7 A SRR

H AR AMaRIE 5 N\ s i) e R 2 M aT A R T B e an, 21 tE20 0] A 3RS I8 2% A (hiatus)
o, RSB B BB-like ¥ 7 5 NN ISR FIE R, A 2R 0= 20 XX Al iy P Kk S s e 4l i =5 <0
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1 SR> 40%. 1T 2010 SEARAE K PEAERR I (1 PR I R (5 SR A8 R DTk 7 55%), I NIR=MN, T
BRI B L “ RIS 70%, il i —imia B Ima R . s siath, AR
] R A BRI A K S PR A 2 (1) 35%~45%, (HAEFEAFR UL E, HoTlikEE T REA 15%~20%, (M@ A
DN IE ) TR IR T O

5. B4

AERARBE TS 5% AR A K A B AR AR S A R T AR s, AR AR A IR 2 I K SCARAE PR B 25
Fi, HAZOERWAGN = B, RombEK S “REERRTE . P . YO RERAL R AR e e A
fiE, RLIFH] 1980~2023 44 BR i AR i B /K 52 P4 AR HE G 1.3%~2.5%,  Hrpafhvity 1 IR R D I (1~3
NI ) B A K IR 8%~12%/°C, i Clausius-Clapeyron #7230 T, 1M o w46 15 2 v 45 ) Al ™
TR E5ZFEAX “AbEim 57 WEAHN BB SCRAER, 2, AR R = ARG K
RS RS J N R OE I FIFE R, 32 T A B KA T 3 1) 609%6~859%, HHhilR = UM R I8 B DU
s i XA i P2 K iR B 3G K TR 5%, T AV R PR DX 3 0 4B ( 2R 37 1960~2000 4 % ity B 7K 398 s 1) ik
30%, 3 T A FA 55 280 0 2 85 L Rl T /NI A0 i e 7K A3 38 25%; e =, F AR AR #aid i ENSO.
PDO 5% RUEHRY 5 A\ s F= A JE Lo 28 B, il 4O R J8 W A4 K VL b o B¢ /K i FE 42 7 50%,
T AL ARAOK T RS BRI KR 24 RS, 5 8 e A o e /K R AEREZR 8 2.3 i o ANBIF TR ad I “ W
M- R - ML =47 —AHEZE, 73RS IR S B S SIE IR — A0 ELAE P A0 i 22 753 il
+15% VAT M« KR TR E T RGP ek R4, Bld N TGS IR R DU, SR
A7 RAKSCHRAE R TR T A, S (EEYE) &R H AR TR T 8t ikl de 23T
TS B Rk e R 2 R

SE ik
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