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Research progress on the influence of interdecadal transition of
interannual variability of spring snow over the Tibetan Plateau on
East Asian summer monsoon
Chao Zhang, Anmin Duan*

State Key Laboratory of Marine Environmental Science, College of Ocean and Earth Sciences, Xiamen University,
Xiamen 361012, China
Abstract: Tibetan Plateau (TP) snow anomalies (TPSA) in winter-spring is one of the
important predictors of the East Asian summer monsoon (EASM). This paper
systematically reviews the studies on the impacts of the interdecadal transition of TPSA
on the EASM in recent 20 years. The main conclusions are as follows: (1) interannual
variability of the TPSA shows a striking shift from an east-west dipole to a mono-sign
structure, which was affected by the sea surface temperature anomalies in the North
Pacific and tropical Atlantic, and also bound up with the Antarctic Oscillation and
Arctic Oscillation. (2) The interdecadal change of the TPSA in spring influences the
EASM precipitation by impacting the subtropical westerly jet in the upper troposphere
and the low-level moisture transport. (3) The TPSA can impact the Meiyu rain belt
through the “TP atmospheric river” mechanism. (4) The Atlantic Muti-decadal
Oscillation can modulate the relationship between the spring TPSA and the Meiyu
precipitation. This relationship is robust (weak) during the positive (negative) phase of
the Atlantic Muti-decadal Oscillation. Finally, this paper discusses the and prospects

the key scientific issues in the influence of the TPSA on the EASM.
Keywords: Tibetan Plateau (TP); snow; East Asian summer monsoon;

precipitation



1 3%

FREROAT BADR)KRE B S 69 RAEL XA KRE KR &R AR
He, B R A< KB (Immerzeel et al., 2010; Kraaijenbrink et al., 2021;
Yao etal., 2022a, 2022b). &/ 7T i i 5 ML 69 K A% R R < AL HLAY K ILE 07,
75 T 38 i 0 R-F RUAR AR 5% L35 3R89 K AU, AR d A S AR R 257k
489 K A-K L R4k & (Xu et al., 2008; Immerzeel et al., 2020; Xu et al., 2021). &
237 69 5 RARE 3t B 3 A R A By 3K A TU K T A2 1L 65% (Bookhagen and
Burbank, 2010; Kraaijenbrink et al., 2021; Zhang and Jia, 2022), Rt 5 RMRE 3,
1&g — A AFF X E B,

%@ RARE RS, B S RGRE B ET T@ IR &R EGILD
BR €% Rossby K, #E M &5 vk B i £ A 3R89 A% 5+ % (Xu et al., 2012; Henderson
et al., 2018; Wang et al., 2018; Wang et al., 2020; You et al., 2020; Jia et al., 2021; Liu
et al., 2022, 2023; Zhang et al. 2023b). U5 R AL Fo 5 AEAR X AGHEINLER K 9,
ML AEBRREFFTTEEVAALELSZRANFIRAFRFTLEREKRIF o
T —iL, 2007; Wu et al., 2012; Si and Ding, 2013; Xiao and Duan, 2016; Wang et al.,
2020, 2021; Zhang et al., 2021; Zha and Wu, 2022).

EFTRREL, 255 RATTEIRBERLYFESRIFLHA 2 IA,
Bt il HH IR R . B R-F A EAE A G ) 2R F S ERT R AR
T B % R 5% (Zhao et al., 2007; Wang et al., 2017, 2018, 2021; % 4%, 2019; Zha
and Wu,2022); 75— @, &A= RAEFFFTELHEEREREFRE FRK
A RREEAKAKRAAR S REFRRG R, hPainfRs. B At
FHFRLEFGEFRNS @ (B %K, 2014; Liu et al., 2014; Xiao and Duan,
2016; Zhang et al., 2021).

EFRIFRELE, 1990s 26 &5 & RAREh ) AATHE AL &R EMA
4T RS ATIE %, B 5GBTS 4R 13 R 2R & KU TE K &) db df i (Zhang
et al., 2004; Si and Ding, 2013; Si, 2014; =% K3, 2018); BB, 1990s Z &, %
RS R EAATHERARTARG AR, EHBAMGHERNAH R E LR
&) RS RAIRE, KifmAesk T LR RiE- 7 B (ENSO)M A& I3 48 X 49
A, P A5k T 3 A B F R K 9% 7R (Wu et al., 2012; You et al., 2020).

BREENR, LS0FASTHRRENFREERAET ZHNFRIFEL,
1813 5% 5 RARE FIRT F R I E S KIFH A 45 4E(Zhang et al., 2022, 2023a). A&

3



EHRMEHFRFEASELELERF MY 0? AFEHRREELALE FR
B Bx A R L X B K-FF 5 KIRRHPDO). KB FFKIFIRFHAMO). fIRAE3)
(AAO). UB AL A FN(AO)FFRITH T35 81HE? ENSOEAREARLEF
RO A EZBZ—, AERRREEALREENMNHERZRALT S ENSO A £? K
S8 i W R AR F R E AR R, A RATTAL B o AT, 3 L9
AT RS, FF3T S AT A AT A R A AR T AR A9 AT 2 7 m A B 1

2 REFaT ik

A AE A 8 A A 4B @+ F§ National Oceanic and Atmospheric
Administration (NOAA)#REEE) 1966 F £ 4 T 2 R 69 L-FE AT & & £ (snow
cover extent) 4k #%(Robinson et al., 2012), % & #&5£4% 7 : https://www.ncei.noaa.gov/
access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00756; 8 Climatic Research
Unit gridded Time Series (CRU TS)# 4589 1901 £ 2020 432 A 4 K 5 #F(Harris et
al., 2020), # 4% 4% 4% 4 : https://crudata.uea.ac.uk/cru/ data/hrg/; VA% European Center
for Medium-Range Weather Forecasts' fifth generation reanalysis (ERAS) #2149
1950 F £ 449 X L. L = (Hersbach, 2019), #4234 : https://www.ecmwf.int/en/
forecasts/datasets/reanalysis-datasets/eraS.

A SAE T B A AT RAB AT R % ATt iT A Y42, &
FET 8 FOmMETEAFERESGE T, & T 10 FOIINE T 1EHFRIFR
BAE 5 AL A2 B HK(EOF) R & BARE FIRE R4 TREMZH 5
Mo SO, AR TAREE, Fah4x. A Student’s £ IAAR I

3 AFHRRAEFFRERYFARER
30 AFFHRRETEIRE RGFRIRER 4

50 FAEZRAFRTFRTREGFRIFEL T B EHIAAE 1980s T4
(Qianetal.,2019,2020), % ENSO 5 4% & R AFME X F G947 AR G # 3L
£ AMER R 6 B E BT ] 39 A4 2000s #98(Wang et al., 2020, 2021, 2023), T L AR
EFHRARE RAFRIFE LR R A PTRE

TR, S RBVEGZR>HA LFOFRITHEASIE, LREFH
# 1990(Zhang et al., 2022, 2023a; 7KAZ, 2022), B 1 H 25 E 35 $ 5 FE1F 2] 69
1990s WAl G AF @ RREFHLEREE —BREWZRN . AESTHRMRE
A5 — AT 4 1990s WA ZF @ RARE b R GEMA S T A & K —E A (Zhang

4



et al., 2022, 2023a),

(a)IEOFl-ZO% | | 19170-1989 (b)lEOFl-25% | | 19|91-2020
40N - 40N -
30N ~ 30N =

| T T T T I T T T T I T T T T | T T r T T T T I T T T T I T T T T ' T T
70E 80E 90E 100E 70E 80E 90E 100E
' | 1 1 (- -

222 -17 -12 -7 I2 é % 1217 22
B 1 AT2EERHKH T2 E9(a)1970-1989 FF=(b)1991-2020 F A & & 7 AR F (snow
cover extent)SF IR 09 % — B A, HMBET £ 5 AR 20%4 25%, E12h%. BAKA
Zhang et al., 2023a, B8 533 Lz e Lo
Figure 1 First empirical orthogonal function mode of interannual component of snow cover extent
in spring during (a) 1970-1989 and (b) 1991-2020. The explained variance is 20% and 25%. Unit

is %. Figure revised from Zhang et al., 2023a, and timeseries see this literature.

32 AEFHRARTFRERGFRIFHERE
E A 9N F 2 A ENSO. FF B F A% 4T (I0D). b k6 #4087 % . L&

K. ALRFF(AO)F= G b X -FiF i 48 X 5 H-R-A A EAF e AR oo 12 2 1F
wT AR RRENI ) FRE, FA8dE- k-4 LR 5] 89 KRR Z
A2 = RARE S A 89 £ % )2 [H (Smith and Bookhagen, 2018; Jiang et al., 2019; Wang
etal., 2019, 2021; Zhang et al., 2019; li et al., 2020), A d, XXHF T ERKXEFH R
RIARZREIFREFITEEGRE

M- AR EAE AL A RA, 1990s Z AT A F 5 RIBMEAR T L 2 ALK F# &
A H R E R, W 1990s ZEAFHRAER —HARE FH ERXKT KRG
FiEFE TR AR R(RAR, 2022). 1990s MZ AT, ALK -FEHEABRFFTEHRGK
REBFIVTERRZRAFEERR, HEZHREIFHR LR B3R LR,
R AN B G d RS F A A T R A BRI K AR B S R AR, L By
ALK 7 N TR 46 T4 2 UM 25 R G, KSR R H1a R A R
T (B 2a); 1990s MZ )G, #ifr K & F 8% &R 7 % 718 i3 # 4 Kelvin B F= 35
FEBK T 4 E Rossby B 7, oA ZAtnBeE R KiAFG S A TAS A
#EZ/R, FALRAHEAZARESY A RER —RARE HH(E 2b).
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MK AIFRRE EAE kA, Zhang et al. (2023a) K H & W% 5 (AAO)F= AL %
HAO)RAZZGRAGHAf bR —HARES AN ELRE. XA HE, 1990s
MZ A, AAO R % B T8 i @ b dd 200 KA AR 7] AR KA 2 2 3 R E
BIRRFaMA R RIEAALR, HASREIN AR L. FRIHRURTR,
M #h e R AR AR AR E A, 1990s MZ )6, AO EFF I FAELKES
JREE T, FERRLEHBRARKA, hFrasREeE—KAGRESA,

é High pressure anomaly O Low pressure anomaly — Westerly jet
B 2 dbR-FF ek K& FE &34 LA A R00 1990s #1445 5 7 (a) i3 AR A F=(b)— M AR
THheTER

Figure 2 Schematic diagram shows the impacts of North Pacific (tropical Atlantic) ocean-
atmosphere interaction on the (a) dipole and (b) monopole snow cover extent in spring around the

early 1990s.

4 ZRAREPAHATA LI FRY AT RiER
4.1 BRAERFEXAIER LN AT
THRBELY ., KLZEFm Z RN Z S BAREER T HAAFE T X

AMEFFOEET o

BEGRPBER S : HRREFFREZTEFHRALERS, TR S
WEAAR B AT B KA, YE@BER RS, —7F ®EF R R K
mmgadzmsmmzmw;%fﬁ@,%@%%%ﬁﬁ%&&&%ﬁ@k%
BAMKERTR Y, t—FAFH R ETHRA, EFHREEHRARER,
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i F B = R bR g BSR4 2P % (Wu and Li, 2016; You et al., 2020;
Zha and Wu, 2022),

B RARETH KRR AR, —ARET KN FRBRO TR LIS,
B RN DT 22 R B R KB, d @ RARE 9 4 2 R K302 #4K X (Smith
and Bookhagen, 2018), & /2 EF gk K T4 4 Bl A K4+ Kk, Laiaims
Bk K XF TR AR R A9 T Ak A 1L 65%(Bookhagen and Burbank, 2010; Wulf et al., 2016;
Kraaijenbrink et al., 2021); &= /&R E ghK & L L 7T & m K AP 697K 438 42(Zhang
et al., 2004; Si and Ding, 2013; Xiao and Duan, 2016). 5-8 A 2 & R E T ¥k
RAKAFFOEZZTE, LA AESRE I KR KARLEN DB
e, B RARE RRAKTH A K AT HKAR, BEHAE BRG] KA IEL
AP, MmB KB R LT QARIFR, %A RE—FIEA IR R REKAME
B BAR, TH & RAKAURG K AMEE T HIX, A s R K LKL
2 fe 4k % (Zhang and Jia, 2022).

MRBRERERIANRETE, TAEMU AT RET S ENLDFF
(Zhang et al., 2004; Qian et al., 2020; Zhang et al., 2021, 2023b), ¥ il i B35
#5602 SR iR 84 & 4 (Zhang et al., 2004; Xiao and Duan, 2016). #.4F, & RARE 7%
LB F ER A A B AR5 KL B R G KR F AL EHR R L E KRG FALIE
KA, 3R 43R a9 A% 5+ % (Qian et al., 2019; Wang et al., 2020; Zhang et
al., 2023b).

YA AT REREHRARREXAKRAGEIESTRETRERBEZ LY
KA, FH1695F 7045 5 (Yasunari etal., 1991), REWRBER D E T ELAE
B, M FUNARE L EFRGF LN NARIELET S, B[ ROMTE S,
T E 2B RIGH3E 2 ARAE TR RAEART T A8 R R E RN IRS) K R
JE 3RS+ (Wu and Li, 2016; Jin et al., 2018; Wang et al., 2018, 2021, 2023).

42 AR FRERH L ZHRRE DN XK

MRBRELRRZBSHMEERALEFZRNGXZARAL Z F(Xu et al, 2012;
Siand Ding, 2013; Wang et al., 2017, 2018; Xiao and Duan, 2016; Zhang et al., 2021).
Siand Ding (2013)45 %, 2000 FZ AT & E /R AFMRT ERIIAHLEFRNE KL
FEMERFZ, 12 2000 FZ ERGILERBEREARIFIHIEM %, Xiao and
Duan(2016)35 8,5 A S R BAMRE HILERABREER RELEIZHEMEL X R,
Wang et al.2017)K %, L&Z R @R(FHIR)RT H5LHT FEKE {(E)48
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X, 2ABRAFBREELEABAFTHRRKEEMX, FLERLE X, &
w, LA FRINARLF S RO @ MEH H5LERABERD KGO ELFRE
KE EA%E % A(Wangetal.,2018,2021). T, AL B FRNEKREZHRRE A
B RBEGLEBRKREF N, XERRARRET THf HOERA K. Bk, £ES

RARE 2 B oA FAT B e AL, FRT A SR BB F R R KK A L %o
@UAWndT00hPa 19791989 (b) A Wind 700hPa 1991-2020
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B 3 % %(a)f4 K (mm/month)A= 700-hPa K% (m/s), (c)200-hPa 4 &) M(m/s)*+ 1990 4F 2 AT
AEZRBHARETIHEFEHFAL DR R4 (b, dF(@, c)feh 1990 52 /5 —
HARETH{K GRSV R4, £ AEFT6 ENSO 5Bk, $1M4&H 200-hPa A1k
BRZE KT 15m/s B Mo =0 Fo st S 4T & KR AR T M K e KGR 4 69 25 X T
90%7F 95%49 K3, ¥ & k& A N5 78 95%09 B 13 & Ko
Figure 3 Anomalies of summer (a) precipitation (mm/month) and 700 hPa wind (m/s), (c¢) 200 hPa
zonal wind (m/s) obtained by partial regression onto the spring dipole snow index (index
multiplied by minus one) after removing ENSO before 1990. (b, d) Same as in (a, c) but for the
monopole snow index after 1990. Contours show the 200 hPa zonal wind that is more that 15 m/s.
Open and dotted regions refer to the anomalies of precipitation and wind at the 90% and 95%

confidence levels, respectively, and the wind in purple shows the 95% confidence level.



A IR 1970-2020 F 69 NOAA REWR T FH, THLHTALEERNE
KEAEZRRE DA TG XFER(A 3). 1990 FZ71(K 32), AFEFHRH%
AVMBHRARESHRISEMEIHERD RGFELERNERNEFF(POKRY
12F 30°N), f G184 B A 30 E B AR A ERA R FF(F S 12F 46°N); 1990
$2Z BB 3b), AEHRERG SO —RARE A BIE L FREKEFF
X AR BT RIABE B AP0 KA4ZF 36°N), MK R Fow K b
EH/EF L EIFCP AT 52°N)e TR, 1990s M2 )5, 5AEZRMER AW
AT B FREKER T A 24,

R S 200hPa
850hPa
ZOoN oy = —-
; Y
o - ; . . 7 v AU “’//zf" - S : . \
40E S80E 120E 160

200hPa

850hPa
406 2 80E 2 120E  160E
Anticyclone Cyclone Westerly jet

B4 AR FRERTAZZRQBERAERE 5 F(b)—BHARE AR F T EE
Figure 4 Schematic diagram depicts the effects of (a) dipole and (b) monopole snow cover extent

in spring on the East Asian Monsoon precipitation.

43 HRBAEP/HELRBERE B0 E BE F RN 56 EIF
AR FENLEAHELAESRIRRT A 692 mpud RAAR . K A2(2022)
RETAEZREBHUA L —BARE AN A LE TR AF (B 4), AN
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£ 1990s MZAT(A 4a), AFZREABBRAREHH(EIFRE RS ™A AR
DY TEIREGRBERB I A &HRETHIAH., R LagIEL I T
8] 477 (Zhang et al., 2022), #H MK A A EZHENG R G E R K AE-RA
- A A K ALK FN(C-A-C B F)) 1 TARE Y H 43218 I THEH A 5.
12 F B A& Ak 3R 1k 0 R(ALIR 69 1k A R 5 % A0 3% (A 58) T &) #F ® RKL 2
Aegm (L) (E 3c), EFITH-8 ABF(BAFA LR GHIN-8 AL F LB F W
EA(FR)ES. BB, %Ak R A TEM ESARKE, A4 Fizd-8 AdH
WRKAFS. TR, AF5REBARE S A TEIMRE FFAHXOSHIKEITRR
Bl AL fF T @-0 A@RLFE NS KBS, BAFALZAHIL-B AL FREK
WV s

1990s M A G (R 4b), AEZH R —HARE N H(EERE ML) EFHR LS
iy I A IR 5 K B H g KR BRI (Zhang et al., 2022). ME B RIE T £ E &,
AKE R AR A5 £ R AL I (Zhang et al., 2021), H & 3069 16 5 K (AL 3R 49 14 A& R ) Ao
FRORFF) T B AR AR P AL E (B RALE IR, B 3d), BiTiERR-B
A AL (B A T 3R b IR F 6 LA (FiR)iEdh. % Ak & AT IENM £ 37 E
K&, AR TILRAB-0 ALY KATRES. B, AEHR—BZBREHAHT
BEREFFA RGBT FAR B TERR-B RLHER DL, BaA
TR EREARAR S, B 1990s #0AJG A5 RARE A0 2 7R I B 5 A FE K 9 %) of b
.

1990s 12 )G =1 2 B 3/ AR E S AT /A 69 %5 vh 38 7% (Zhang et al., 2021).
AT IEAE A . 1990s A F H REFERETRAGEEdFH RO HIFHESLE
BRI, MEFFEAROGKANEELAPAETNTH LA H. AR,
AT — B BE LR FAE A TAREFFEEHBAKRILNZF K (Wu and Li, 2016;
Jin et al., 2018), /G —B B FERNBIEFRE FHFARGIKEZARLER
FHRA MERRENLERLS, MTEHERTRFH RGIKERT S AR EB
AFe R AL X, I M 69105 05 K57 5 Al AR T 0 KR Fe il RS 2 49 8l
ik R ER, AT )E — i BT I AR T 49 %76 38 7% (Zhang et al., 2021; 7KAZ,
2022).
44 HRAFTEL “GRAAT” B0k LEF R EF

& RARE B AR E R R4S R B #+ £ 7T iR (Bookhagen and Burbank,
2010; Wulf et al., 2016; Smith and Bookhagen, 2018), &7 KA%i"a K A F 49 KA F+
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% (Yasunari et al., 1991; Xiao and Duan, 2016). H ¥, = /R#RE GkKH k=R KA
BBKAMETZEFTEALSET, BEBKY RO KA 05 R A, &
Z 7 % AR BB & K% K(Xiao and Duan, 2016; Zhang and Jia, 2022).

Moisture transport

1 1 l 1 1

A

5 ,
f

42(

L . .
-99.9% -99% -95% -90% 90% 95% 99% 99.9%
B5 HZRMREET “HGRAUT YARERAGTER, LF, RERRENHNEATH
B 7 AREIH(BHR 35N AdRE aREH)EEE K Ef KA R AT aX A
o A& dXBIRMFRFTAKAIGKFFAL 90%. 95%. 99%HF= 99.9%49 X3k, K Z 4T
KETRAMEFFTOHREFMEL 95%M XK, F8& C £ Tk

Figure 5 Schematic diagram illustrates the influence of Tibetan snow on the East Asian Monsoon
precipitation through the pathway of “Tibetan Atmospheric River”. Shading and vector refer to the
coefficient between the July snow index (southern 35°N over the Tibetan) and water vapor.
Shading from shallow to deep refers to the divergence of moisture exceeding 90%, 95%, 99% and
99.9%, respectively. Vector refers to the water vapor transport anomalies exceeding 95%

confidence level, and “C” refer to the cyclone.

B RARE T RBE KL R LEEFRGIF T (B 5), —LHR
MELTHIALRKAFFOTHRENGNE: 3B FZRMTH S HRT RLR K
1@ RIS AR, B AFARA I BR B R EZGAGIRRFH(E 5 F
R FE C &TF), 1% FHM 5 d RAe g K R ERE &R L RiAHmEE
TiF. =R JRAAE T RS R AR ARAIIL: Z /5 e F M o\ o R e R

BHA T Rty ia iz s, ;R XA A FEERAA T 2L KMtz X
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B, REA#MATAE, ARRTAXGOHRGFFERFTENG—&, REA
S, B RAGERMERT, SRMT R F AR TR, A TR
TR HEAE R, KRS /R LS4 KIAR(Zhang and Jia, 2022).

REFFINANKAMELEZHRAINLHLERRTED AURBK,
SHALEFRE AL FH M. m BT BT KA ZHREHIKIAR
KIARBIBOIMEZTHRFE, R AARY A LELERN, B LA
“BR KA HLAH
45 AFHRAE R E F A RAE R

KEALAEE, RAALEREFFAARALEFZ NG EZMNETZ—(Si
and Ding, 2013; Xiao and Duan, 2016; Zhang et al., 2021; Zha and Wu, 2022), Zhang
et al. CR2NDAAAFHRBIREFFT L E M RILEEROFIRTE, B
1990s # VLG &2 5 B B3 ARE F 5 34 d @ il 69 5 2k . Ak, &AL 1990s
MyE, HIERIRFDE 20%-30%1F A TR F1, HAFOE AN INEF U
BEERMER KT ZTENETAIERARSA ASSRART HERAMNRZA,
ERE, RF/BIZAMNER £ 55 /RMAE N BT H)E6=RAZA 3 1990s 2
AT TR H T BAK, T 1990s Z )6 45 512U 30 SFHiz s MHIRAI4 X R 5N
0.61, i@iLT 0.01 89742 EALK, HiEEEIFOMN IS,

5 AEmRRERF R AARLE SN X EAF FA
5.1 H-AABAE T K ARAAFARIRRE L AEER

1990s 1 A F & BT FRIFHEA R L EHRH X ZFRFERLRE %5
FRIRREAEF A I F # . 8340 PDO. AMO A04R & - @ 6975 5 48 %
T4(B 6), AMO £ 1994 SFJg MK Rz Aast L 2| E{i40, o hEZRRE . RE
K R OGFRIREITF A EL; PDO £ 1976, 2000, 2013 4= 2019 S H
AL REMGHET, EAEZRRE . REMRXRGFRIFEN YR —H, 7T
B AMO TTRIAESRREHHXZGFRFTR: H AMO RiztaE, RE-
MRe X FE5E, W AMO A B4R, RE ARG R RMER, Hit, 56 E%
JE @ RARTAEHAG T EAGTME T, &% XE AMO #9448,

ALLH—F T FRIFREERLEREES AAO 42 AO AT -4
fR ARG TRR M, 2£F L% AAO = AO £ 1970-2022 SF3) A 3 Matad & 5
r(B), 5MEBRAXEGENREFHIATE, Bk AAO #» AO £RT
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A X R A RIR T T A A5,
1.6

0.8

-0.8

mmPDO = AMO Sliding Corr

-1.6
1970 1980 1990 2000 2010 2020

A6 FRIFERA L, FRRLE)AZ PDOCE & AR E)F AMO(LL ALK B4 T
B REL, AF5REFMREHIAABHHH 2 FHFIMXZL(FEBR), LFF
A K F HAT 95% M B LA A T,
Figure 6 PDO (blue bar) and AMO (red bar) on the interdecadal time scale. 21 year sliding
correlation between the western Tibetan snow index in spring and Meiyu rainfall index on the
interannual time scale (green curve), in which curve in thick refers to the correlation exceeding

95% confidence level.

52 READEFREKRAE EAFHRMEFFFOOXK

A AN, HH S5 E RRE F % % 48 %X (Xiao and Duan, 2016;
Zhangetal., 2021). X2 AL ZRAHHL LR EEEMPHRREFFHE XL
Mot R EM, ALV FWAEEXHEL. HERIEHGLIER 0.75 454K
18, HBRB/HR KT EEAGHRER Tt 24 F, AFHROIFIMEHBHLKXT
BULF it 20 F. AT o, AFHREIFMELFRFFE, MEAR 9 F
HAER FF Fy, SHRAEHFFTFN 8%, TR, AE—ZASTHRRT
BEERFTFONEAMBEELEHERREFFIFL AR ERHFTFHTRE
TR Al AR AR EAE R F1E2 5 A X (Wuetal, 2012; You et al., 2020).

I, FIRRELE, ENSOEAMRME KRG ETZIMLEFZ—, LT R
BMBREARFEZRGKEHE 7 T, 5 RATAEHFFGIANFHF,
H 4 F5 ENSO & £R{zA8(2 S H %77), A 555 ENSO & T A4z483 ENSO
fF5 R B(FECHAET). TAL, ENSO 54 F 5 RRENHEHE KRG 0H —
89 T ANMAE, 12 ENSO #91F Al G2 s e ik, X 5T feA= ENSO 89 ST, 4%
¥k B A % (Wang et al., 2021, 2023). Hit, ENSO MARE-Hd X #6981 R
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Figure 7 Meiyu index (color bar), western Tibetan snow index in spring (purple curve) and
Nino3.4 index (green line) on the interannual time scale. The threshold of indices is absolute value
of 0.75. The black dots indicate the years when the snow-rainfall indices are both larger than the
threshold value and in the same phase, i.e., the years when a typical rainfall anomaly occurs after
an anomaly of the Tibetan snow in the early spring, while the solid circles indicate the years when
the Nino3.4 index is smaller than the threshold value or in the opposite phase of the rainfall index,
i.e., the contribution of the Nino3.4 to the rainfall is small or opposite to the rainfall in the years

when the rainfall is typical.

6 EE5RE2

AL B EHRREFRTEGFRIFEAN R BT TN AT A, R LD
TAEZREREFFELFGFRIFERS IR B, &R ELAETRRE AT A
T B F R B Hrad], FREATIARRE &£ 204858,

Ak, 1990s WA S S RAREFIREEMGRA T K —Z A (Zhang et al.,
2022), 5 AMO MK fifz4a4: % A E4z40 09 F 4. Rdm, AMO {248 89 5F K IR
HERGHAESTHEREFHEEGFRTHAG AL, B, TR0
AMO 5AZZ RAREFFRLEN XK S H s LR E K EOFF A,

Hok, 1990s MZ )6 A F & R B E T EET O RIGR, TA LA

-~
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MEGRBEZ AL E T TR Pl (Zhang et al., 2021). {AIFEZ W,
“BRRAA” GRKIMTHRBEM, W 1990s MG & R H LR T Rib 694z
ENZRHIMESZZRGHEM, BFE—NBEZHRGHMMRE FF TikET
“BRRKAA QFEFSER G REER, B, 5B RE— T RASH
1990s MZ G @ BARET @ “F/R KA 45T 7038 5% 6 IZALF]

R, BMEMHAXZGFRIFHELE AMO 24869 FKIF T B A —Z,
{2 AMO #*hiRE-Hd X £ TIH EH G A2 fa T A0 AF R ALHAD TR 2,
AL EERENEAZL—,

®E, BRBERBAREAASRTEBREKXAFAGTORT, Am
Gt EAZHBRMREEASFRAMBBHKZFLIEFRERRFE, 2018), &%A
CATTRRAIRS) K AR ARIRZE T, B, £FEALE FRAARE, REHF
B RIE R BRAREEARTATEZEF RN AL FRNG R0, LH Fit—
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