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The impacts of SST warming trend and natural variability to the summer

extreme precipitation intensity of the Yangtze River Valley

Ou Lijian”?, Yu Jinhua, Zhong Xiaoyao, Zhang Xuyu, Wang Lu, Luo Jingjia

(1.School of Atmospheric Science, Nanjing University of Information Science & Technology, Nanjing 210044,
China), 2.Maomin Meteorological Bureau of Guangdong Province, Maomin 525099

Abstract Floods and waterlogging caused by extreme precipitation bring enormous economic
losses and significant human casualties for years in China. Global warming has increased the
frequency and intensity of extreme precipitation events. However, the contribution of global
warming to extreme precipitation events in different regions remains to be further understood.
Based on the water vapor budget characteristics of summer extreme precipitation events over the
Yangtze River Valley in China, the effects of SST warming trend and natural variability forcing on
the intensity of typical extreme precipitation in this region were investigated. The results show
that: (1) Both extreme precipitation and summer of process are accompanied by the convergence
of water vapor in the whole atmosphere, and the convergence occurs in the meridional direction.
The anomalous anticyclonic circulation over the northwest Pacific formed a stable moisture
transport with anomalous southwest winds at the southern boundary of the region. (2) In summer
when typical extreme precipitation occurs, SST is strongly positive in the equatorial Indian Ocean
and tropical Atlantic Ocean, mainly contributing to the warming trend, while SST anomalies in the
equatorial Middle Eastern Pacific are La Nina. (3) Numerical sensitivity tests of SST warming
trend and natural variability show that the regional moisture convergence forced by SST warming
trend in 1998, 2017 and 2020 is 83%, 210% and 107% of the natural variability forcing,
respectively, SST warming trend is more important than the natural variability. (4) Both the SST
warming trend and natural variability are caused by the anomalous anticyclonic circulation over
the northwest Pacific Ocean, which causes the anomalous water vapor transport over the
southwest of the southern boundary of the middle and lower reaches of the Yangtze River, leading
to the occurrence of extreme precipitation.

Key words Extreme precipitation events over Yangtze River; SST warming trend; SST natural

variability; transfer of water vapor; water vapor budget
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1 8l§

AXBEHESIRRS . BEMEHNIEE, FSBRRAGZKETHARENEL
(IPCC-ARS, 2021), fEAEXZREIGRABKI ZHEMD. B XIRHEKEHERER
SEIRXEMNEE: SEIGENEARINEFRENEEN TN, KIF T ERER
FRIK, hREERGEEKRERSHXE (B la), HENRERRUELTE, £IKIE
BB, OBEAKIEE KSEZRNNKAENGINE S ERHFEKIEMNERRER. 5¥%h
SIRERM 71%, BFREE (SST) HEELIKLENEZAMI Y, HBSEMWY, 88
AR SINR=ERE, FURIGFRKRE, W5 SST EEEEH N X iRk K2 EH
TR, REIMRSERIGHE X XIgRkinME K E 4R F IR B EENRFEREX.

L EAYNARNSE R R, PERIGREKERNESZREZE (Chenetal, 2021) |
R A XM FHE(Xiao et al., 2016), TR —HikimEKEEEZES (BASTHER
%, 2018; Zhaietal, 2005; Sunetal., 2020)., IEFIMNELEBFRA, WimbEKEREER
MASHKAES (T—CMSAER, 2003), BIERENRRN, FRARERKEAT
MRXE, BEFORTHHRIE-KSTHFE (Hagosetal, 2016) . XBI 5 & IKIERES[EA
REMKRENIEINE X, R S5ah15R88KE . 1BE SN N A SBIRIHREKIE
INEZE 5Clausius-Clapeyon 7E£BKRE FA9EIT. 15EE 51NN K E R SBUIRinKFE
KEMRESR, BEIKRSSTIZEE SRR LEKIBESS (Schubert et al,, 2009; Trenberth
etal, 2015), AMREIRIEE W IRIHHEKAZMRE T H—DiEE,

Yi-Kai Wu, etal (2020) RPFREENEHEEEREREANSHEABIINMRED,
PRRREBEFRSOERE, FERILERFERERIERNR, FAEARFFREFEN
SBTESHEERZIIERTE, #imiBS AR ST TiFaK (Wang et al.,
2017b; Pan etal., 2021) , #visENEEF K PR ¥ AYSSTHIFRIE K F¥ AP AISSTR S I E K
IR THFEZR/KEEXBXE (Panetal, 2021), ARIFEGIHEENGS (Gill etal., 1980),
TREFRRAFHSSTRREFEASAH, ERILATF=~E£FERSE. ZNEESSTEN
AMXEFERKREFERENGITRRR (XkSMEKTE, 2009), fEERGEKEE
Wi, hEFERENRERES (Chenetal, 2018) . AT RKIIFSSTLRE .. ENEFM AR
FHSSTERE, B MARIt AT FRE RSN (Wang et al., 2017b; Xie et al., 2016;
Yuetal.,, 2016; Wu etal., 2010), {2 ERIPMXIRiHHEKNOEE . EXLHFRP, SSTH

FEATREBNBEESMERLE, REDERENT, 19984, 2017FM2020FE %
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BT H T X iR 7K & B 2R KRR EM(EILD), ARIPUZXIE =8 iR pE 7K
HREEMENESAMRNR, WRERSSTIEEEASM B AT RS NRHEKBENS
Mo 50 R A0 B] BE RSS2 MmATLER o 40T FR T e b X iU o Al i B K RO AN TS IA R N S SAR R 28
ERFE,

2 BRETE
2.1 FERIRIR

BRANBRAER KGR PORMER 2472 MERF KN, Bid = EHE,
BEIMPERBERK 05505 FERKMAEIE (RIE AT, 2015). Bl KHIRS
TRl (ECWMF) SHEEBAHAR (ERAS) RUMNEEERGHLE, BFASE
MEERNENTHA TR UREBEAS/KUIEEIBREIE (Hersbach etal,, 2019), K
FAHEH 0.2550.25° LR FHRHE ARTER Y 1979-2020 47, SST BRI AMATER /LG
KAVEEREHIRE (HadISST) (Rayner etal., 2003), HAFHFPEY 1.094.07 HIRM
8] 25 1900-2020 £,
2.2 JIEER
22.1 RIGARIMFEREHEN

IX A e K 52 SR 2% R 1] R RE St (ERRAEANER KA 2009), BT 58 4]
ERESE. AXFANSREMERE (TSC) 7k (B, 2018; HEH, 2021) RFIK
Bk S, BN SREAE, ETPERBEEEER 30 ML, MUK
AR g, I S B BT [X SRR 0 B K R R

j j (> Pdn)ds,

(1
n-S,

R(n,m,k) =n?S;

Hp n RRFBEKEMAHFEEE, mRoRFEKEEARBE, kRonkEKIERE R X E5ME
MK EFELE SCIBKEHZMER S48 a b BT BERKEHHSHNEMX
HEKEARX R B9%200, aBL 0.4, b B 05, P AtkmBREKE., HEZRH (1979-2020 4
B Z=) X FE A 5 B R B INHRRS 4 DX o 7K S 2805 [ 5 o Lo AR A A
DX 3 Bt AR AR 5 2 5 SCABIME (103.4mm), K THZBRME E SO XISl s b K . ZBIME
FEPEAR X280, BFREEBRKRE ThURGIE BREKNTFREBENXE
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WinEKEMF, SERSEFOEROFEKPORIFHE, GEIRFIEKPOBNRRE 2
RN LR RiRFEKEHEAELL, RNXFTRRT R, —RIRmFEKE 4K ROZE—R,
F W R R R B K.
2.2.2 KR XL

BEFREHARKRXRE, HARTRTN

P—E——a—(p+(—lTV-qup)
ot g1 (2)

I, PARRIKE EAFEEKR, ohXKSHENKREE, g AZNMRE, ps AMESE,
VASEAKEN., FSEHRARMKIBASTHNZE, —REEKEE ERN, £
BINFEKP AT, FSHEBE-—MAKRTENACURD, BEZHARTSKIBERS,
BZLIBREK P NEBETTRE . LIRS T s DRI X FEKF M8,
223 BERRTTE

KAZXEERKSFL (NCAR) MIRHMIKRRSHER (The Community Earth System
Model, CESM2.1.3) , /KD BER 41.993R2.5° T H 5[5 _F A32E R &0tk FrZ (Danabasoglu
etal,, 2020) ., RAIEHIHXL A A TRZSHSSTIEITI0E, KIFEISSTHRE SREKFHERIX
7, QURMRRERAESSTREHITRERE, EASFREXEPINE N SEKRESE
XN YR E S IR SURASSST# 1T, S8R MIRIIZIT30MEZE, R AN ESHA,
HARYEENSSTRENMA ., RIFIH T AXEHACESM2. L3RR #HITHAERKET R,

R LR AR AR BFS SAY SST iK%, AR 155-10N, 0-360 X i
WEY SST RE BN LETK SST SRESHITRIIAL 58 “HERIAK N SST BEEHHE,
RIE LR XIS FRIERY SST IBBEEH BN Ik SST URSSHATERINALK, TR EFH)
o SST HEBE AR TR, = HBRIKK N SST BRTXRIXE, MRMaAEHF SST BAR

FRO T
%= 1. CESM2.1.3 # {7 EEIR LTI R

Table 1. List of numerical experiments conducted with CESM2.1.3

EErESIT SMaRIB S AR
=S £k SST RRZS
1998 F£ B ZJRIEMHL SSTA+ £k SST RfES
AV H) SST 15 2017 £ E S FREMHE SSTA+ £k SST S

2020 F£EZJrE M SSTA+ £Fk SST SfES
1998 FF B ZIRIEMIIT SST BT + 23Kk SST RS

SST 1EpE 1L
RS 2017 £ B E FEMHE SST MEEHH + £ SST MBS
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154

2020 £ E Z=JRE MR SST 1B + £Fk SST |ES
1998 FEZFRiE T SST BARTER + £33k SST Hixd
SST BATXRIRE 2017 FEZJRE ML SST BREE + 2Bk SST &S
2020 FFEZJRE ML SST BAREEX + 2Bk SST &S

3. IT H it (X 4R o b 7K B AL HHE

ETEZFMunfEKENZE2H (B la) EERASTIH TR (27234N, 1082122€F) A
AXFKEFNXE, TR Tt XEZFLEKESRIRMEKIERKE (B 1b) HEXER
¥4 053, HEEMIAT 99%ZE/KIE, 1991, 1998, 2017, 2020 £F H Pq MKk FE /K o8
HERLEESHRKRSNER (B 1b), 1991 FRMEBALEBER, KSUAREM,
AT PR SST WA Tiikumbe/KaI#mE, ARSCRER T 1998, 2017, 2020 F1E%
WRiHRE K BBV, & 2 AEFENIRHFEK BRI REE . HRGEEKENESRRE
KENTTERD AN AT 31%, 24%7F] 24%, & KT iRimbE/K STk 3918 12.5%., =0 L,
1998 #2017 £, ZEHLXHHOIIA 80%IMX £, 2020 7 60%IX £ (ERS) ., oI, BEZEHKiE
fEKERANEZHRKSENEEAME D, HREKEBNIR R E T AR mbEKEE

RETHINES,
# 2. SEVERRRIEKE T RARS B A SR AT 1

Table 2. Start time and end time of extreme precipitation events in typical years
THAR I [A] S5 I [A] THAG I 8] S5 I [A] THUG I (8] S5 LI (]
19980613 19980626 20170601 20170601 20200603 20200605
19980722 19980722 20170610 20170610 20200628 20200628
20170623 20170624 20200702 20200708
20170630 20170701 20200722 20200722
20170812 20170813

& 2a-c A=PABFRESFFEOXBRTITKUVFBRERS (TEEE) DK
AEE. T, 2020 F (E 2c) WKRFERSIERTES 1998 £ (& 2a) i, 2017
(B 2b) MR/), SZEEFHEKAAREHERE X KEXHKUFEEREE
BRELZEKAFREFRENT, LHEFLANAERBA, 2K RimkEKLE
RFETHINFVRESTR. B2 df ARimEKIERER KBS FARKIRE
BN THNEREFNRE, T, = DABENNRREKEE, BXTESEY, K.
FIAFIG AR E, EEEACRAFER. KEBILORNKUEASIERE, &4
TRHZEKAFRE, EREXSEHIGREKSIES. RA, TP THXRGRK
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HRENRE, SHEEERAGIIENLTANEWETIRE. BHFfaNEA, =_RIET
SEFEK KRR A, RN R IA SR AR /KM A O Tt KR K& £ BB EE
A

ERAETR TRREZERMmMEKIENRELEMER, KEBLFRNERKS
RERMARK, AE—TOTRATKIBENTIERERR, WE 3 ac KARIXNER
B 7=, 600 hPa YT AIH TEFEAFMN/KAIBEMAKNERX, TE#A 900-800 hPa
Z[8), 850 hPa b ARINSFT/KM NIRRT EME, 600 hPa X _EZHE/N . XL =87
FHNEFESRmEKIREME BA, RisEKIREMEILESER.

EiR R FEH B FARIGFEKIENELFRKURERTBHE T KREERE BN
W (BA%M) MKR (AAFE) fESEHE. E=TREFEHNESF, BEILAFF
HEELEFAECEENFERUENIOR (B 4a b c), HEMHNFEREATEFK
AhamAk, BREHA-AEMNABERARE, BEICOIR X, XKEILRNRE
ZERE)N, AERIRTNHERRKIBERERT (ME 2 a, b, c HTEFHRE). B
2017 FEZRE REHRAVSEE 538 EIIEL 1998 F1 2020 FF 953, X R 1 & 2 b 2017
FROTIH THELRUMALL EMR N RAEREE, X5 2017 FE SRk /Kid s E
55T 1998 #1 2020 FFAHEX Y (& 1 b) . RumfEKI A T EZFEF194) 850hPa 7K %HIX
"= (B 4b, d f) B, ERENEFETRT, XEBEMNERFNEILOHEE, BAK
&, HitMEEERENTSENFRIETRER®IE, AT 5E 2b, d, f WEAKIERE
MAREERS, M TXERmEKIENRE. A ERTH, FEIEREFNES RS
TR T FREFEKIETKUBENERIVER S, HXEXF SST RENAE

(Wang et al., 2000; Xie et al., 2009; Wu et al., 2010) ,

4. SST BRI B IR L RN 3w bk 7K 3 FE A9 B2 i

(ML F Schubert et al. (2009) 9%, & 1900-2020 £E SST F& 1T EOF 4, FEEUAT
IR, BESASKERIEEES (B5a), EESAFERTUERS (Bb5c). &
RSN EZFERFES (B5e). TNNEMNTTETEAHIA 30.7%, 13.1%, 5.3%, A
5% EOF MY —R753k A 1998, 2017, 2020 FXF R AYRT B R EME A E(1RY SST 1BEEEH
FIFBR SST R EREAHLMBEHEEN SST BREE, T, =N HEFH, BFRMSST
FREDHRMEFENEF, KEFEBMAFEENEEZLERT, FTEHIEEEH TR (X
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ttEl6b56a El6e56d BE6h569), FEFRAELFRAABEREHERNRE,
N SST BRERES (WitE 6c56a E6f56d; E6j569), =B SST 1%
BEHE5 BRTRNKCREIEMNAXN R, BT SR AR ER CESM2.1.3  (Simpson
etal, 2020) SST 3218 AYEUE BRI 1T,

7 AR B P ETR RN ASHILR KRR ER, BERELRFAA (H) K
IHTHASERNKREEE, TEANNBENZRENKIBREREGE. 289 SST &
FRREREASHOMARMNOILE 7a 524 B 7d52b; B79 520)—%, HE
MR AKAEFERMANALRBEK TR THEAT KIBRESEREE, XK T 778 SST
AY5RIBIE X T T X SR KR EE R imiE T2 EM. Xtk 1998 4 SST g EH 58
RTEARERR (A 7b 58 7c), KU, BEHTRLE/KAEEGREATHEKRIELL,
FEX AR NSRS RE . SST HEZEH BB R AKTF Tt X @it REBAHACTHmA
SEIENKARTERE, SST BRTRRERY HFILILFE R REKSHE, BFE
MAEMNEAFILARNEE, SBUKREEART SST BB EHRIBMNER. 12017 M
2020 fF[y SST EEEHHKWMNERILBRA TR, B) 1998, 2017, 2020 FEZFH
SST BEEEH SEATRAKTH T XAKRIEE LD A4 83%. 210%H 107%, [AR
7 SST EEEHAAFMMIERICT P TR TRk K2E, B SST BALTREMARS
MERT, EEEHEEFEER.

XA SST REBEMKTH THASHK AKX RERMISHARENHNE X,
RIBZ AT, KTIHPTHXEHX KR, 850 hPa AKX ZRANEE. & SST
FRERBARICKFFE K 850 hPa REERIAAFE SHSNAREREELGILLE 8 a
52a, E8d52b; B89 52c) MHAHmAEATFHHLHIATRINRERNKAHIZE
i, KIFTRRREARERRENARNKREE, BFEAEILAFEE5EEMK
RESTHR TE. 2017 £ SST BB AT Rt X IR 7 5 & 7= £ MKk
§5F 1998 12020 £ (XfLLEI 8d 5E 8a,9), kB, EWIHCIH TiFkinkEKidERER
FEPERE5HT SST REMRBEYVIMARX. 1998 FF SST IMEBEAMAATRRBREE
=, BRAZRRBOEILRFERSERINERERTEEESRE (WtE 8c 5E 8b),
FEATEARMXEFARNEBRCIRA, A TIEEEHRE, JH, 1998 £8
Z SST BRTRICST P TikinfK L £ R F MM, 5 SST EHRBNXE KR %4E
HHILE 119%, 1998 fE25% EI Nifo TEFE, SST BRTRRI A FRIEAF 3R LaNife
B HEENEDEAN—BUREE, JEAFEFAE=MRE (B6c) , =B SST BREXRE
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BHFERIEALF A RERARAEFE (Wang et al. 2017; Wu et al. 2017; Yu et al.
2016), fEH3RTF SST IEEEEHRIBAYLER, 2017 1 2020 FFE 2= SST AEEHRB ML
REFRSERIORFERT SST BALTER (MitE 8e 5E 8f, E8h5E8i), 2017
#2020 FE = SST EEEH VR ARILEX T FHIFERSERXNRFE, Al AREF
BIEEE RE R E [ ANV X, HEmiii R SE R e B R AR O T
ThX . 2017 12020 FE 2= SST AALTRHBARTARNLFNRERNRE, REF
M RMNRE RSEXIORMEICTIR THFNKREE. B 7e h FENASBKURES
AR EIASFKMATEZ N REREREIRNF L,

5. INGEFITTIE

AXEFHZBEMERE, RIHCOTH T X MRkinkEKISRE, B XBiRiGFRKIL
FEREKETE 73, Mk =2 B iRimpE KIS A2 &2 4 (9 1998, 2017 #2020 FFE =, M4
HREF KRN ZER, 5t SST EEEH M B R TR MNZ X HiRinkE /KR E
FeTRER I, FEEWRWT:

(1) BBFHES, FARMH/KRETKIR TERE, ZXENELFKIBAER
58, BT HFNKAEREN. ERKIBRENTESMNSG R NERRE, Fitih
RHKRFEREREZATHEKVRFER, FERNXBRSKRES, (RIERIKRE
KFRENRE. REHRRARAKNEIAR, MUXRE 850 hPa f/K R ARE. H5#HE
ARXEESRERENRETRAERIAREX, ZHRRBEUNRERR, LREHKTME
AT AEE RN, BERAAE- BN TSRS E KT T iE
R T R E R PR KK R ik imiE .

(2) ZANHAARRIREKTEAEMNES, SST FEAEFEENEEMAMmERMN A IEE,
MFERRAFFERIANE. BEERERRF, BBk SST FHE 24 SST IEEEHA
BREE, E¥, AFEEMILAFT ¥ SST EEAREE, B=/NAIGEHAg SST L2
BHRNDHEEARK, 1998 F£EZF, SST BRBHRAFEHRATFRIN A2 La Nifa £
WEENEF A EREE, ERFEFA=IREIEAAE, 2017 F1 2020 4F SST BARAERE LRE
B85 T 1998 FE =,

(3) HERABRMRKEAI, SST FERENKARESHI/TARBEIN—I,
FIASIEKT R Tt X KT RBNKREA FE S SST R ¥R fEAH 5%,1998
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258

F SST BATRIEART SST AYMEBE S 58 EI Nifo 3R EE S HRE P RATL ¥ LI SST
SBINRE, ERIEREFFERNRERURRIRIEA . 2017 #1 2020 FFE 2, SST 1F
B MINRIRIB NV IRT SST BRTE, 1998, 2017 F1 2020 4F SST EEEHEHRBE MK
IR T X K SAER/KRSRE A SST B AL EIRIER) 83%. 210%7F 107%.

(4) 1998 £F3% EINifo EFAGRFFRMES, (2F SST BALTRHRMAILKT R
BREERFRERT SST g, 2017 ££H0 2020 f£4Y SST FFRES4:53, SST BA
TRRAEMAHASOAIERTFRS IR, ™ SST EBEEHTHAE BEMNAEILRFE
FERSIERT . Fb SST #BEFEHMBE R TR TRIEFILRTFERE RSEXIRRZ M
KIR T, BEBLENDESFER.

AXHELHRHEEXRNEXRBISURRRIEREREENGEEETNEARTENE
FMRB S MICRAZNE, (8% RRENE FRIGFEKCRENZN, RIS RKA SST
IERE T RE I AT Tt X EFARuEHE KR ERREE, 1 INIRIG KSR E . —ARARIRFE
KEBREESHFNREMNRLIEGX, ATEREXNBHEAHER, ETH/ITREE, Wi
SEAIREKNENERARE, RRERTEAEENLL SST EBIEBEHAMB RTEWNIR
inPEKCRERRIBRN . o5, THARESSHRER, #TaNBRREMRR, HELR
Wi /KIS R XS SST 1EREE A F B R T AR FHE
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Figure 1 (a) The horizontal patterns of relative strength of REP in summer identified by TSG method in China, (b)

time series of the relative strength of REP in summer in YRV (black line) and the accumulated precipitation (mm)
during summer in YRV (blue line). The correlation coefficient is 0.534, which is significant at the 99% level.
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Figure 2 The anomalous transfer of water vapor of four boundaries (units: 10'kg €day™) in summer of 1998(a, d),
2017(b, e), 2020(c, f) and the anomalous divergence of transfer of water vapor (the value in box, units:

kg m2 day?), (a-c) Summer average, (d-f) the bias of the process of REP from summer average.
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Figure 3 The vertical profile of anomalous transfer of water vapor with south boundary of YRV in summer of
1998(a, d), 2017(b, e), 2020(c, f) (units: 108 kg hPa! day™) and (a-c) Summer average, (d-f) the bias of the

process of REP from summer average.
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Figure 4 The horizontal patterns of the anomalous transfer of water vapor (vector; 10° kg hPa* m day?) at 850
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380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

Total SSTA Warmlng trend Natural varlablllty
e —,‘ 223 = .»ﬁ{‘ - ] = = :

~ Z il
T T T T T T T T T T T T 1 T T T T T T T T T T T 1 1§ T T T T T T T T T T
0 30E 60E 90E 120E 150E 180 150W120W 90W 60W 30W O O 30E 60E OOE 120E 150E 180 1SOW120W S0W 60W 30W 0 30E 60E 90E 120E 150E 180 150W120W S0W 60W 30W

| [ [ I I
13 -11 -09 -07 05 -03 -01 0 01 03 05 07 09 11 13

E6 (a) , (d) , (g) HEEN 1998, 2017, 2020 FEZF (6-8 ) WNHWEEEREH, (b) , () ,
(h) A& 5 {9 EOF N RE—HSRINN N FMHN B RGN =E 0 H, AEEEHES, (o), (),
() ANNENENERDEEIEEEHRSHFINER, BEENBARETE, SSTA B °C,

Figure 6 The total SSTA (shading; units: °C) and in summer 1998, 2017, 2020 (a), (d), (g),. The horizontal patterns

of the warming trend in SSTA (b), (e), (h) (shading; units: °C) result from the first EOFs of SSTA in Figure 5. The

horizontal patterns of the natural variability in SSTA(c), (f), (i) (shading; units: °C) result from the difference

between total SSTA and warming trend.



398

399
400
401
402
403
404
405
406
407

Total SSTA

30N

20N

40N€ :

5 %

Ve )

40Né :

Warming trend

118 2,63
30N jﬁ"ﬁ 0.85 %‘4
_dMﬂLEg;IHﬁ7' ¥
] e 5.
20N / pes

—

™ UL R
100E  110E 120E 130E 140E

50N
40N

30N

— UL R
100E  110E  120E 130E 140E

40Né

30N

15 335 0.8 201
ﬁ 0.95 %4 ﬁf— 1.07 és—)
20N*_ ; '_.;g—’ ZON*_ i .‘I"'.?*F'
s e
100E 110E 120E 130E 140E 100E 110E 120E 130E 140E

50N
40N
30N

20N

ElEE

l{ﬂﬂhE;;Ihﬁr' -
- .7 e
) / o

5

o

40Né

30N 253
2

l{ﬂnkEF;Ibﬁs’ >
1 v . e
20N T pe

o

1.0

3
|
)

] R
——
100E  110E

|w||ww|-||ww|
120E  130E 140E

] N
——
100E  110E

Natural variability

40N

30N ﬁfﬂ 1.02 *3‘33
_dMﬂkéfjrhﬁs" >
] W B T
20N / g

4

—

LRI NN AL L
100E  110E  120E 130E 140E

50N
40N

30N

2 _ r%fgga

:

-dﬂxiigr;rbz? T

EON*_ i ‘.-,;s"

N - SDUT— S
100E 110E 120E 130E 140E

50N-
40N
30N

20N

B
7
~
o
~J
- \:E’W -;

-ﬁg_q\ 5
' 4
. :

‘34

I 1 il
L IR WL L
120E 130E 140E 100E 110E

ww‘|w||v|ww||
120E  130E 140E

& 7.1998 (a b,c), 2017 (d,e f), 2020 (g, h, i) FEEFRREAITH THELNNLRERRDKRE

3% (B 102 kg day!) MXEKABREBEERE
BAVF{y SSTA KL R,

H#HR

(FAERSUE, B kgm?day?), (a) (d) (9) &
(b) (e) (h) 7 SSTAEBREHKWER, (c) (f) (i) A SSTA BRERRHE

Figure 7 The anomalous transfer of water vapor of four boundaries (units: 10%2 kg day) in summer of 1998(a, d),

2017(b, e), 2020(c, f) and the anomalous divergence of transfer of water vapor (the value in box, units:

kg m2 day) for numerical sensitivity experiments, the result of total SSTA forcing (a), (d), (g), the warming trend
in SSTA forcing (b), (e), (h), the natural variability in SSTA forcing (c), (f), (i).
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Figure 8 The horizontal patterns of the anomalous transfer of water vapor (vector; 10° kg hiPa m day™) at 850
hPa of YRV in summer of 1998(a, b, c¢), 2017(d, e, ), 2020(g, h, i) for numerical sensitivity experiments, the result
of total SSTA forcing (a), (d), (g), the warming trend in SSTA forcing (b), (e), (h), the natural variability in SSTA
forcing (c), (f), (i).



